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Mr. Justice Lawrence has been appointed to succeed 
Mr. Justice Bigham as judge for England in the Railway 
and Canal Commission. 

Col. Sir Donald Robertson and Mr. A. V. D. Best 
have been elected directors ol the Southern Mahratta R. 

The Rt. Hon. Lord Alverstone, G.C.M.G., Lord Chief 
Justice of England, has accepted the Presidency of the Rail- 
way Benevolent Institution for this year, and will take the 
chair at the annual dinner at the Whitehall Rooms of the 
Hotel Metropole on the 5th May. 

Mr. Vincent Hill, general manager of the South 
Eastern and Chatham R., who has been so seriously ill for 
some time, is, we are glad to learn, convalescent, and hopes 
after a change on the Continent to resume his duties about 
the end of the month. 

Mr. W. H. Waister, running superintendent, Great 
Western R., has had the 4th Class of the Order of the Red 
Eagle conferred upon him b> the German Emperor. i\s Mr. 
Waister has had actual charge of the dri\ing of more royal 
specials than any other living railway ollicer the distinction is 
well deserved. It is, however, almost, if not quite, an unique 
event lor such an honour to be conferred on a representa.tivc 
of the locomotive department, the importance of which is evi- 
dently properly appreciated by the Kaiser. 

Mr. J, A. Robinson, divisional locomotive superinten- 
dent at Wolverhampton, of the Great Western R., has been 
presented with a handsome silver salver by the L. and North 



Western R. Co. in recognition of the services rendered on 
the occasion of the accident at Shrewsbury on October 15th 
last. 

Mr, H. K. Bamber has retired from the position of car- 
riage and wagon superintendent of the East Indian R. 

Mr. David F. Buttle, who was locomotive superin- 
tendent of the Great Southern R. of Spain, has been ap- 
pointed locomotive, carriage, wagon and marine superinten- 
dent of the Antofagasta to Bolivia R. 

Mr. O. H. Steele, of the Calexlonian R., has been ap- 
pointed assistant traffic manager of the Imperial Railways of 
China. 

Mr. A. G. Crick has been appointed secretary of the 
Eestiniog R. 

Mr. T. O. Mein, assistant manager of the locomotive 
works of the Great Eastern R. at Stratford, was presented 
by Lord Claud Hamilton on the 18th ultimo with an illu- 
minated Letter of Thanks (as under) on vellum from the 
Order of the Hospital of St. John of Jerusalem in England 
for the services which he has rendered to the Ambulance 
cause. 

The Grand Priory of the Order of the Hospital of St. John of Jerusalem 
in England. 

Extract from the minutes of a meeting of the Chapter General held on the 
26th November, 1907, at St. Jchn's Gate, Clerkenwell, London. 

Resolved that the special thanks of lib Royal Highness the Grand Prior 
and the Chapter General be hereby conveyed to Thomas Oswald Mein, of the 
Great Eastern Railway Centre, St. John Ambulance Association, for dbtin- 
guished services rendered in furtherance of the work of the Order in connection 
with its Ambulance I>epartment. 

Dated this twenty-sixth day of November, One thousand nine hundred and 
seven-— George P., Grand Prior, Egerlon of Tatton, Chancellor. Herbert 
Jekyll, Secreury-General. 

Mr. Mein has been Hon. Sec. of the G.E.R. Ambulance Corps 
for 8 years, during which period the G.E.R. team has won 
the Inter-Railway Challenge Shield three times. 

* 
Stratfordians' Reunion Dinner. 

The fourth annual Reunion Dinner of the past and present 
stall of the locomotive department ot the Great Eastern R. 
was held in the Abercorn Rooms of the Liverpool Street 
Hotel, London, on the 6th ultimo, under the presidency of 
Mr. W. D. Craig, late chief draughtsman, who was sup- 
ported by a distinguished company of 80, including Mr. 
James Holden, Mr. S. Dewar Holden, Mr. A. J. Hill, Mr. E. 
\ . Russell, Mr. J. H. Adams, Mr. \V. Collingwood, Mr. G. 
Macallan, Mr. J. D. Twinberrow, Mr. G. P-lliot, Mr. F. 
Dodd, Mr. J. G. Morley, Mr. S. Stone, Mr. J. H. B. Jenkins, 
Mr. F. D. Green, Mr. A. P. Parker and Mr. A. \V. Polley. 

Messrs. J. H. Adams, G. Macallan, A. W. Polley, W. 
Collingwood, A. J. Hill and A. Glaze contributed to the 
musical programme. Mr. F. G. Perry acted as accompanist. 

The arrangements were made by a committee consisting 
o! Messrs. J. Holden (chairman), Godfrey Elliot, A. J. Hill, 
J. W. Howard, W. F. Pettigrew, A. W. Polley (hon. sec), 
and F. \'. Russell. 

Great Northern and Great Central Combination. 
'TiJE most important event of the last month in the railway 
world was the announcement ol the agreement which had 
been arrived at (and which was unanimously approved by the 
shareholders of both companies on the 20th ultimo) by the 
Hoards of the Great Northern and the Great Central railway 
companies to work the undertakings as one concern by means 
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of a Joint Committee for 999 years. The joint working begins 
on the I St instant or so soon after as the approval of the Rail- 
way and Canal Commissioners is obtained. No Act of Par- 
liament is necessary, as the agreement is made under powers 
conferred by the Gt. Northern and Manchester, Sheffield and 
Lincolnshire Rs. Act of 1858, which allowed 50 years for the 
formation of a joint working committee. The agreement 
covers all the railways of the two companies except the Lan- 
cashire, Derbyshire and E. Coast and Sheffield District and 
all lines which are jointly owned with other companies. The 
reason for these exclusions is obvious. 

The first Joint Committee consists of the directors of the 
two companies. Lord Allerton is to be first chairman and Sir 
Alex. Henderson, Bart., deputy chairman. It is understood 
tha£ Mr. Sam Fay will be the first general manager and Mr. 
O. Bury will go on the Board. Two other "principal officers'* 
will not be taken over by the Committee; they have ** con- 
**sidered the interests of the Great Northern R. Co. as 
** superior to their own personal interests." 

The financial terms are : The (ireat Central takes /!^ 100,000 
of the net revenue in respect of unfructified capital expendi- 
ture and then the balance is divided till and including 1910, — 
57 % to the G.N.R. Co. and 43 to the G.C.R. Co. ; for 191 1 
and 1912 the division will be 56^ % and 43^, and subsequently 
56 % and 44 %. The net revenue is arrived at after 
3J % has been allowed on duly authorised capital expenditure 
and ;£'2, 168,303 has been paid to the G.N. Co. and 
;^i, 635,029 to the G.C. Co. 

There can be no doubt as to the savings which will be 
effected in almost every direction, and the public will be just 
as well if not better served. 

One of the advantages which the Great Central R. will 
derive will be the use of the works at Doncaster. The (iorton 
Works, though they have been vastly improved since Mr. 
Robinson went there, are not sufficient for the requirements 
of the company, in addition to which wages are considerably 
less at Doncaster than at Gorton. 



Economy of Mineral Oil for Hand-Lamps. 

The economy to be effected by substituting Wright's patent 
mineral oil-burning hand-lamps for the old fashioned rape oil- 
burning lamps is being rapidly realised by railway companies 



at home and abroad. In the spring of last year .Messrs.* \\*m. 
^^f>ii «*»d Co , Ltd., had sent out about 2,000 of ihcM- lamps, 
but by NoN ember last there were considerably over iu,ooo 
of them in constant use by guards, shunters, and road-van 
drivers, so that the experimental stage has evidently long 
since been passed. 

V\'e have made some enquiries, and find that the lamps 
are found to pay for themselves in about 12 months and 
roughly that every 1,000 lamps save between ;t'5<« a"^ jC^too 
per annum. .As both Wright's lamps and rape oil burning 
lamps consume the same quantity of oil per hour, and as the 
cost of petroleum is about one-fourth that of rape-oil, it is not 
difficult to see the source of the economy, .\nolher imjHirtaiit 
feature of these new lamps is the ease with which the red and 
green glasses - if broken -can be renewed by the user with- 
out returning the lamp to the stores for the purpose. It may 
also be pointed out that the oil wasted is much less valuable 
and that the cleaning and trimming of lamps for mineral oil 
is effected in much less time than it is with those that burn 
rape oil. 

Top Mast Motor Signal. 

TiJE General Railway Signal Co., of Rochester, \.V., ha\e 
just introduced a new motor signal in which the mechanism 
is placed at the signal arm itself, thereby rendering upright 
rods unnecessary. 

Fig. 1 shows the signal and in fig. 2 is given a clearer view 
of the mechanism. The largest gear whc^'I a is concentric 
with the signal arm spindle and it is driven by the motor b 
through the smaller gear wheels. The slot mechanism is 
carried on a disc which is rigidly attached to the arm spindle. 
There is the usual engaging lever c which, when the armature 
iP of the compound lever d is attracted by the coils c e^, ex- 
tends into the path of the studs /. When, therefore, the 
motor is driven the slot mechanism is turned !>y the wheel <i, 
providing, of course, that the magnet c^ is energis^-d. 



fig- 3. 



Digitized by 



Google 



January, 1908. 



The Railway Engineer. 



Fig.'i. 
It will be seen that there are two pairs of coils. The 
smaller one, e, is called the ^'working coil." It is of very 
low resistance — less than i of an ohm — and connected in 
series with the motor. Its object is to give more strength to 
the magnet whilst the signal is being operated. The larger 
coil, e^, is termed the ^'retaining coil,** and holds the signal 
in the "off" position. ITiis coil can be of any resistance, 
but 800 ohms is recommended. When the mechanism is put 
together at the maker's factory it is so adjusted that the signal 
will be held " off " when the E.M.F. across the terminals of 
the retaining coil is 4 volts. The slot will release when the 
E.M.F. is reduced to 2 volts and the leverages are so propor- 



tioned that it will require a pull of about 4 pounds on the slot 
magnet to hold the arm "off." 

A novel feature has been introduced into this signal, which 
is the lock g which holds the rim h carried by the slot disc. 
It will be noticed from fig. 2 that the wheel a travels some 
distance before one of the studs / engages the lever c. This 
free movement allows the stud to turn the lock g and fill the 
rim h so that the arm may be lowered. The rim is so shaped 
that the lock is held away, but as soon as the slot is released 
and the arm goes to normal the weight ^- restores the lock 
and the arm is again fastened. 

Another novel feature is the operation of the contacts in 
the circuit breaker /. On the end of the compound lever d is 
a roller iP which, when the arm is just approaching the 
"clear" position engages the cam p on the circuit breaker 
shaft and turns it. At the other end of the lever carrying the 
cam is a spring which reverses the shaft when the arm goes 
"on." 

The dash-pot k is of the buffer type and a forged arm on 
the shaft of the slot mechanism comes against the stem of 
the dash-pot when the arm is 20 degress from its normal 
position. 

Special care has been taken to make the apparatus acces- 
sible and so that it can readily be taken apart without special 
tools. 

Fig. 3 shows the signal as installed as a "three-position" 
signal on the Great Northern R. of America. 



Fig. 2. 



The "Tudor" System of Electric Train Lighting. 

The feature of this system is that it has no mechanically or 
electromagnetically actuated regulating apparatus, and the 
advantages claimed for it arc brietly as follows ; — 
1. Absolutely steady light. 2. Constant voltage. 3. Great 
simplicMty. 4. Only one storage battery. 5. Long 
life or battery. 6. As the lamps cannot be overrun the bulbs 
are not prematurely darkened. 7. Reliability. 8. Good efli- 
ciency. 9. No slipping belt. 10. Low cost of maintenance. 

The system is being introduced by the Tudor Accumulator 
Co., Ltd., iicj, Victoria Street, Westminster, and is and has 
been for some time working successfully on several 
British and Colonial railways. It has also been adopted 
by the Prussian State Railways because of the simplicity of 
its regulating device. 

A steady light is a matter of prime importance, but it is 
especially difficult to effect when the dynamo is driven from 
the axle of a railway carriage, because of the variable speeds 
at which the dynamo has to run, and because it is necessary 
to provide a storage battery to give light when the carriage 
is standing at stations or is stopped. 

The voltage of a storage battery when charged rises 
considerably above its discharge voltage, which has to be 
high enough to maintain the required pressure at the lamps. 

The difficulties of regulation are greatly increased by the 
fact that supervision during the lighting period is out of the 
question on account of the working conditions, and that deli- 
cate or complicated regulating apparatus is not reliable, as 
it is exposed to great changes of temperature, causing con- 
densation of moisture, as well as to fine dust, soot, and con- 
tinual vibration. 

The trouble which railway companies have with their elec- 
trically lighted carriages is nearly always caus^d^either by the 
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rcg^ulating apparatus or by the batteries, 
which generally receive very hard treat- 
ment. The dynamos proper seldom give 
trouble. 

Fig. I shows the electrical connections 
of the ** Tudor " system and fig. 2 the 
Wright dynamo, which is generally sup- 
plied with it. This latter is a shunt 
machine, which is provided with an extra 
regulating winding connected in series 
with the battery; this winding is not 
traversed by the whole dynamo current, as 
is usually the case with compounded 
machines, but by the battery current only, 
so that when the battery is discharging the 
current in the series winding strengthens, 
and when charging weakens the shunt field. 
The series winding is so arranged that the 
desired charging current, which can be 
varied at will by means of shunts, shall 
never be exceeded, no matter what the 
lamp load or speed of the train may be. 
This method enables dynamos to be 
designed with high efiicicncy and of 
small size for their output. The machines arc 
provided with all the latest impro\ements, such 
as ball bearings, etc., and the commutation is excellent, 
so that the attention required by the bearings and 
brushes is reduced to a minimum. The dynamo is driven by 
a tight belt, but any other suitable positive drive may be 
used. 

The dynamo is switched into circuit by means of a centri- 
fugal governor which closes the switch of a solenoid which 
closes the field and armature switches ; this method gives a 
quick make and brake of the main switches, and thus avoids 
damage to the contacts. 

The whole switch gear is of the simplest description, and 
in practice has been found to give no trouble. 

The regulation of the lamp voltage is effected by iron 
wire resistances which are placed in series with each lamp or 
group of lamps, and which entirely neutralise the variations 

I \ 



Fig. 2, 

of voltage which 01 cur when a battery is sometimes charging 
and sometimes discharging. Fig. 3 illustrates one of these 
resistances together with its holder and cover. 

In appearance these resistances res«*mblc small glow 
lamps, but instead of a carbon filament the bulbs contain 
iron wire resistances in an atmosphere of hydrogen, which 
has proved to be the most suitable gas, on account of the high 
rate at which it diffuses heat. The resistances have an ex- 
tremely high temperature coeflficient ; in fact, within certain 
ranges of temperature this coeflficient is so high that their re- 
sistance varies almost proportionately to the potential dif- 
ference across their terminals, and consequently the current 
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Fig. 4. 
remains practically constant. This can be clearly seen from 
the following example : — Two 48 volt 16 c. p. lamps were con- 
nected in series with a regulating resistance; the voltage 
across the combination was then raised from 58 to 90 volts, 
when the lamp voltage rose from 47 to 49 volts. This regu- 
lation of pressure is within 21 per cent., and is much better 
than is usually obtained on good house lighting circuits. 



Fig. 5. 

From the curve, fig. 4, it is easy to see that between 58 and 
80 volts the lamp voltage was quite constant. 

By the use of such resistances it is possible, without any 
other regulating device whatsoever, to charge the battery 
with the lamps across it during the lighting period. 

The principal reason for the adoption of two batteries is 
that the regulating apparatus is thereby simplified, but on the 
other hand the cost of upkeep of double battery systems is 
materially increased, and it is advisable, if not necessary, to 
clean the batteries every ten to twelve months. With the 



Fig. 6. 



*' Tudor *' system it is, we understand, only necessary to 
clean the batteries after they have been working for two or 
three years. 

As in all electric train lighting systems, the upkeep of 
the batteries is by far the most important item ; it is essential 
that they should be small and have a long life. 

These conditions are best secured by charging during 
the lighting period (the dynamo being switched out when no 
lights are required), by so adjusting the charging current 
that the specific gravity of the electrolyte is the same at 
the end as at the beginning of the lighting period, and by the 
construction of the dynamo being such as to prevent the 
charging current exceeding a predetermined and adjustable 
limit. 

The iron wire resistances can very conveniently be placed 
in some portion of the lamp fittings, or on circuits where all 
the lamps are served by one switch only they can be fixed 
in a small case or frame in series with the whole circuit ; with 
this latter arrangement resistances of 2 and 2^ amperes may 
conveniently be used. 

The Tudor Co. supply two distinct 
types of cells for train lighting. The 
first type, (\^. 5, is similar to that in 
most general use on British railways, 
the plates being fitted in a lead-lined 
teak box which is provided with a lid 
held in position by screws, enough 
room being left above the plates to 
allow for a large quantity of acid. This 
construction has the advantage of ob- 
viating the necessity for constantly re- 
filling ; on the other hand inspection of 
the plates is difficult, as the lid has first 
to be removed. The cells are joined 
together by means of lead plated copper 
cables and bolts. 
The second type, fig. 6, is more generally used on the 
Continent; the cells are in ebonite boxes, and 2, 3, or 4 cells, 
according to their size, are put into an outer wood box, 
which is lined on the inside with special acid proof material 
and is provided with handles for carrying. 

The cells in each box are joined together by burned lead 
connections and are provided with loose lids. 

This construction has the advantage that inspection of the 
plates is at all times possible, and consequently that it is easy 
to see if they tend to buckle or form short circuits, or if re- 
pairs are necessary. The specific gravity of the electrolyte 
can be easily observed, and the contac»ts cannot corrode, as 
lead is the only metal used above the cells. 

Restaurant Car; Great Indian Peninsula Railway. 

In our issue for October, 1905, v.e illustrated the new trains 
designed by Mr. A. M. Bell, carriage and wagon superin- 
tendent of the (treat Indian I^eninsula R., for the Poona 
express services, and we are now indebted to Mr. Bell for 
the annexed views of the interior and exterior of a restaurant 
car which he has recently designed and built at the com- 
pany's works at Parel. 

The car is 64ft. long over the vestibules and, like the 
Poona trains, loft. wide. This increased width which Mr. 
Bell has teen able to introduce has enabled him to provide 
sealing accommodation for 40 passengers with comfort and 
convenience. 
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panels the ninth and tenth were erected in part only» that is 
the top member of the panels were left off until the two bottom 
members of the central panels had met and been connected 
tog^ether (August, 1877). 

It had been intended from the first, and was now found to 
be the case, that the arch should be built rather hij^h, it beiniff 
considered that whilst it would be almost impossible to raise 
the centre of the arch if it was found to be too low, yet that 
it would not be very difficult to lower the arch if it was too 
hi^h. The actual amount that both sides of the arch were 
too high was 14 inches, and as the steel wire ropes support- 
ing- the structure had been purposely kept in position and taui 
by means of cast iron wedgies, these wedges were now 
slackened with the aid of hydraulic jacks until the two ends 
of the arch were at the correct level, and the junction piece 
was now inserted, after some advantage had been taken of 
certain changes of temperature. 

It was now felt that if there were any considerable changes 
of temperature now that the intrados was connected and the 
wire ropes were taut, that there might be some injurious 
stresses upon the permanent structure, and with this in view, 
and as soon as possible after the intrados had been connected, 
the sand boxes under the bearings of the horizontal girders 
over the piers next the arched opening were now brought into 
use, and the sand allowed to escape for a few minutes, thus 
lowering the top end of the ropes sufficiently to ease them of 
a portion of their load, but still leaving them taut enough not 
to allow too much stress to be thrown upon the junction piece 
lately inserted in the intrados of the arch. 

After this it was a simple matter to complete the arch rib 
and to build upon the haunches the dwarf trestles and upon 
these and the arch to finish the top horizontal girder. 

The lifting of each part of the arch into its place was per- 
formed by means of a pulley carriage which travelled upon a 
wire rope slung after the manner of a suspension bridge 
cable between temporary trestles placed over the piers next 
the large arched opening. The materials were brought in 
boats to underneath the bridge, and were lifted by means of 
a rope worked by a windlass fixed under the temporary 
trestles, and in the same position were the windlasses that 
hauled the pulley carriage to and fro along the wire suspen- 
sion rope. 

This single suspension cable was, however, found not to 
be exactly suitable for the lifting of the materials that were 
required near the crown of the arch, and which had to be 
deposited at some distance from the centre line of the bridge. 
In this position a derrick had to be fixed, the hoisting rope 
for which was worked by a windlass fixed at the foot of the 
pier and near ihe springing of the arch. The derricks them- 
selves were placed in position and removed by means of the 
wire suspension cable slung from the temporary trestles. 

It was found rather difficult to secure the first, second and 
third panels of the arched rib during the progress of their 
erection, and it has since been considered that a flat or rigid 
bearing of suitable width would have been erected with 
greater ease than was the existing hinged bearing. Had 
this been done, possibly the arch could have been shallower at 
the crown and wider at the haunch than at the top, thus giv- 
ing the greater weight of metal at the lower and more con- 
venient level. 

Gambit Viaduct, 
This bridge carries the Marvejols-Xeussargues line of the 



Orleans Railway Company across the valley of the Trueyere, 
and was erected in the years 18K0-.;, 

The total length of the viaduct is i.Hijft., of which the 
iron portion is 1,470ft. in length, and the height of the two 
highest piers is 262ft., of which there is 59ft. of masonry and 
203ft. of ironwork. 

The arched ribs of the large span are of crescent shape, 
are pivoted at the abutments where they rest on the masonry, 
and the top is at an height of 420ft. above low water. A 
series of piers, some of which rest on the arch and others 
resting on masonrj' piers, carry the remainder of the spans, 
and this completes the structure. 

The large arch is 514ft. 4ins. in span and has 213ft. 3ins. 
mean rise. The great height of this above the ground did 
not allow of the erection of the arch by means of staging and 
centreing. 

After the completion of the piers the continuous girders on 
each side of the arch were rolled over the piers into (heir place, 
and whilst their forward ends projected over the piers a cer- 
tain distance over the arched span the abutment ends were 
solidly anchored down to the masonry. 

ITie ribs were built out from the springings, the first panel 
being put together on a staging which rested on the stone- 
work, but was suspended from the projecting girders over- 
head. A couple of derricks were then placed upon the pro- 
jecting end of the girder and by their assistance the next bay 
was erected. In this manner the arched ribs \\#re built out 
from each springing, the point of attachment of the support- 
ing cables being varied from time to time as the cantilever 
progressed further out. 

The cables used in this temporary work had a breaking 
load of 80 tons, but in no case were stressed to more than 15 
tons. 

The time occupied in building the arch was from July, 
1883, to April, 1884, and the weight of ironwork in the arch 
alone was 1,200 tons. 

The BlnawW'Krautz I'iaJuct, 

This bridge is situated in Cape Colony and carries the 
railway. The central arch is of 230ft. span, and looft, in 
height, and on each side of this arc two double cantilevers, 
making altogether five spans, of a total length of 480ft. 

The overhead cantilever girders were used as cranes for 
the erection of the lower parts of the arch, the remaining 
parts being erected by building out. 

H. MrSCELLWEOl'S. 

New Kew Bridge. 

Although this is not strictly an iron bridge, it may yet be 
taken as an interesting case of ironwork provided to carry 
temporary loads, and so not altogether out of the scope of 
these articles. 

Eleven centres or plate girders were provided to carry the 
masonry of each arch (see fig. 25), and there are three 
arches (fig. 2O) in the bridge. Kach iron centre was 
delivered in five sections, and it was therefore necessary to 
make four joints on site. The ironwork was carried in the 
first instance on site on barges in the river below, and two of 
the joints, that is, those connecting the springing and the 
haunch section, were riveted up on the barge before they were 
placed in their position in the bridge. 

These two haunch joints may therefore be taken as part 
of the rib and do not enter further into this consideration. 

The remaining joints, that is those nearer the middle of 
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the span and within the trestles, were riveted up in situ after 
all the parts of the rib were fixed. Over the trestles, at a a in 
the fig^ure, the ribs were carried at four points, the two spring- 
ings of the arch and by the two sand boxes over the trestles. 
The position of these two joints was carefully fixed to be 
at the points of contra-flexure of the ribs calculated as curved 
continuous girders, and if hinges instead of riveted jomts 
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Fig. 28. 

had been provided at these points the rib would 
have become a curved cantilever, which would have con- 
sisted of a pair of curved cantilevers from each springing to 
the hinge, and an independent girder supported at such 
points. The joints were, however, riveted up and the rib 
thus became a curved continuous structure supported at four 
points. 

The sand boxes were partly provided for the purpose of 
striking the centres. 

With reference to the use of the riveted joints or the hinged 
joints between the two timber trestles, two cases of other 
bridges were referred to in the descriptive article given in 
our contemporary The Engineer. The two cases referred to 
are instances in which a conversion from a continuous girder 
to a cantilever has actually been effected. 

The first case is that of the Kentucky bridge, which is 
also referred to in this series of articles (No. \ II., page 341) 
and shown in ^i^. zj. The bridge consisted, as originally 
built, of three spans each of 375ft., erected as continuous 
girders, but as it was feared that the two intermediate sup- 
ports, being tall iron piers, would rise or fall under tempera- 
ture influence more than the two rock abutments at ench end, 
it was decided to cut the girders at the points of contra- 
flexure and convert the central length of girder into a girder 
of 375ft., with two cantilevers on each side of 75ft., thus 
making the length of the central portion 5-25ft. and the two 
outer lengths 300ft. only. Of course, this method of cutting 
^he girders had been intended from the commencement of 



the work, and the girders were only made on the continuous 
girder principle for purposes of erection. 

The other case referred to is that of a five span continuous 
girder bridge (fig. 28) over the river Cauche, at Etaples, near 
Boulogne. The girders were cut as shown in order to avoid 
the consequences of the unequal settlement of the four inner 
piers, and the second span was severed in two places, leaving 
the portion between the cut points as an independent and sup- 
ported girder, hinged at its extremities to the cantilever arms 
of the first, third and fifth spans. 

{To he continued,} 



The Saltley Works of the Metropolitan Amalgamated 
Railway Carriage and Wagon Co., Ltd. 

The principal works and headquarters of the Metro- 
politan Amalgamated Railway Carriage and Wagon Co., 
Ltd., are at Saltley, Birmingham, and the establish- 
ment is the largest and most completely equipped of 
its kind in Europe. Railway carriages and wagons 
of all descriptions are manufactured ir^ these works 
for home and foreign railways, and a few illustrations 
of widely different varieties that have been recently con- 
structed are annexed. Associated with the Saltley works arc 
five other large establishments in which the construction of 
railway rolling stock and the manufacture of axles, iron and 
steel, plain and section, steel bars and plates, roofs, bridges, 
turntables, etc., is carried on. 

The works at Saltley are conveniently situated, and 
the L. and North-Western R. leads directly into the yards. 
The works were established by the late Mr. Joseph Wright, 
originally a mail coach builder and contractor of London, 
and the area enclosed at that time was three acres. In 1859 
the L. and North-Western R. Co. acquired the premises, and 
new works were built on adjacent land which formed the 
nucleus of the existing works there, after being carried on by 
the sons of Mr. Joseph Wright for many years, were finally 
acquired by the Metropolitan Railway Carriage aiid Wagon 
Co., Ltd. This concern and five others were amalgamated 
in the year 1902, since which year the works at Saltley have 
been almost entirely rebuilt and newly equipped with the best 
known up-to-date machinery and driving power. At the 
present time the total enclosed acreage is about 69 acres. 

The principal offices are in a separate block of 
buildings facing a road belonging to the Company. On 
the ground floor are the Board Room and the offices of the 
managing directors, the secretary, the chiefs of departments, 
and their respective staffs. The drawing office and sun- 
printing department are on the upper floor. The office staff 
numbers 92 persons all told. 

The shops are equipped with the most modern machines 
and appliances, especially designed to meet the quick-delivery 
methods of the present day. The smiths' shop, figs, i and 2, 
is 375ft. long by 200ft. wide. It is divided into four bays, 
of which the first two contain small steam hammers ranging 
from 5 to 12 J cwt., served by 112 smiths' forges. No. 3 bay 
is devoted to the production of drop forgings, and the dupli- 
cation work, which is a feature of carriage and wagon 
building. This bay is equipped with 29 sets of 
Brett's steam worked drop stamps, ranging from 
20 to 10 cwt,, and 10 small steam hammers for 
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roughingf out the work prior to stampinfif. In No. 4 bay arc 
10 furnaces, each havinj^- above it a Cornish boiler fired by 
the waste ^^ases. These boilers are 20ft. long by 6ft. 6ins. 
diam., and the steam generated in them feeds the steam 
hammers, stamps, etc. This bay contains two 3-ton, three 
30-cwt., one 25-cwt., and one 15-cwt. hammers, two 30-cwt. 
drop stamps, and a forging press of 1,200 tons capacity. 
There are also two 50-ton hydraulic forging presses, so that 
it will be seen that the smiths' department is fully equipped 
throughout. The department covers an area of 2^ acres, and 
includes a number of aux'liary shops, including hydraulic 
press shop, forge power house, diesinkers* shop, and iron 
racks. 



a 






The hydraulic press shop is igoft. long by 115ft. wide, in 
three bays. It is served by one overhead three-motor type 
5-ton crane. There are 10 hydraulic presses, the smallest of 
which is for 50 tons and the largest for 500 tons work, also 16 
smiths* fires and 5 coal-fired furnaces. 

A 20 h.p. electric motor is employed in this shop for driv- 
ing two hot saws, and there are two steam hammers and 
hydraulic presses combined for angle iron work. All hydraulic 
press work in connection with the building of underframes and 
bogies is done in this shop. 

The forge power house contains in the boiler shed three 
hand-fired Lancashire boilers, each 30ft, long by 8ft. diam., 
two of these being fitted with Druitt Halpin's thermal storage 
system, Hopkinson's circulators, and Meldrum's furnaces. 
The three boilers are to be further equipped with McPhail and 
Simpson's superheaters. 1 he power house contains two blow- 
ing engines of the vertical type coupled direct to 



Root's type blowers. There are two Weir pumps for 
maintaining the feed in the ten overhead boilers in the forge 
and the three in the boiler house, the former being fitted with 
the Metropolitan Amalgamated Co.'s own pattern of auto- 
matic feed valve, which is giving uniformly successful results. 

The die-sinkers' shop is loofl;. square and contains a group 
of die-sinking machines driven by a 30 h.p. electric motor. 
All dies required for use in the Saltley works are made in this 
shop. The machines include two vertical milling machines, 
by Alfred Herbert, Ltd., a similar machine by Hulse and Co., 
of Manchester, a 10ft. by 4ft. 4ins. plane, and several other 
machines, all of which have been laid down this year. 

In close proximity to the racks in which is stored a large 
assortment of bars, rods, plates, etc., are two shearing 
machines capable of cutting 4ins. by 4 ins. bars while cold, and 
driven by an 18 h.p. electric motor. 

The millwrights' shop is 150ft. long by Soft. wide. It is 
devoted to general repair work, and a large staff of men arc 
employed in repairing and re-fitting machine tools, engines, 
and other appliances with which the works arc equipped. The 
machine and fitting shop is 470ft. long by Soft. wide. The 
machines, which comprise among them a number of up-to- 
date and very fine tools, are grouped and driven by 9 motors 
having a total capacity of 220 h.p. With the ex(5eption of a 
few small American shaping machines, the whole of the tools 
are British made. High speed self-hardening tool steel is 
used throughout the shop, and all drilling is done through jigs 
and templates, which secures interchangeability and facili- 
tates the erection of work sent abroad in sections. Among 
the machines may be mentioned a planer to take 14ft. by 4ft. 
by 4ft.; a stabbing machine with a 24ft. stroke; three 10- 
spindle drills; four heavy triple-geared lathes, by J. Butler, 
and Co., Halifax, specially employed for turning steel castings 
such as bogie centres and other work of a similar description; 
specially designed lathes for the turning buffers, and which 
turn both sides of a buffer head in one operation, the tool rest 
working in a former and the poppets being balanced so that 
they swing out of the way when it is desired to withdraw the 
buffer. In this shop also there are several machine tools 
specially designed for railway carriage and wagon building, 
as distinct from other work. 

The desirability of re-building the machine shop on a large 
scale is a matter which is being considered by the directors, 
and if the scheme at present proposed is carried out the shop 
as re-constructed will measure Sooft. in length by looft. wide, 
and with it will be incorporated the existing millwrights' 
department. 

The steel underframe shop, fig. 3, is 500ft. long by 200ft. 
wide. It is divided into four bays, each 50ft. wide, and served 
by five overhead 3-motor travelling cranes having a longi- 
tudinal speed of 350ft. per minute with a full load and a 
traverse speed of about 120ft. per minute. The cranes vary 
in lifting capacity, there being one of 10 tons, four of 5 tons 
each (all by Craven Bros., Manchester), and one (for feeding 
the machine) of 30 cwt., by Royce. 

The work in this department is so organised that the raw 
material always enters at the north-west corner of the shop 
and is machined in the first bay. The bars are first passed 
through hydraulic straightening machines, the maximum 
capacity of which is 60 tons, whilst there are others of 40 tons 
and smaller capacities. They are then sawn off to the lengths 
required by cold saws, or milled and passed to machines 
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specially designed for sole bar drillings, and of which there arc 
six, each 50ft. long^, and provided with 6 movable heads; self- 
acting" feeds and automatic knock-off jjear and return. An 
electric motor of 10 h.p. is employed for driving these six 
machines. The machine for milling- to shape the ends of sole 



Fig. 6. — Lord Milner's Carriasc 

bars, longitudinals, cross bars, etc., is Soft. long. It will 
take 16 bars at once, of a maximum length of 70ft., and is 
driven by Jour directly geared 15 h.p. motors. The shearir.'^ 
machines will cut metal up to ijin. thick. 

The installation of pneumatic drill- 
ing and rivetting machines, both fixed 
and portable, is very complete. The 
air for which is supplied from two 
compressors, each driven by a 55 h.p. 
motor. The compressed air pipes are 
carried all round the shop, along the 
girders and down each stanchion, so 
that the power is available in all parts 
of the building. 

The two middle bays are fitted 
for hydraulic rivetting, the rivetters 

being carried in a special balanced jib crane designed 
and built at Saltley Works. There are 27 electric motors in 



the steel underframe shop, developing a total of 454 h.p. 

Thi" fcundry is 250ft. long by 50ft. wide. It contains 

two pneumatic moulding machines, one being spt^cially 

designed for moulding deep axle boxes and the other is for 

general work. There are several hand-mouldingf machines in 

this department also. The foundry is 

served by two cupolas, and with only 

one of these in use the average output 

is 40 tons of finished castings per 

week. In close proximity are an axle 

box fitting shop, the pattern shop, the 

f( Itling shop and the brass shop. 

The main elec trie power house ad- 
joins the foundry. It is splendidly 
equipped with (our J50 Kilowatt sets 
of Helliss and iMorcom's triple expan- 
sion high-speed vertical engines 
(cupkd direct to (leneral K let trie 
Company's generators wound for 230 
volts continuous current and one Cx) 
Kilowatt set Hellis and Morcom's 
engine coupk'd to a Sil\« rtown generator wound for 2;^o volts. 
In the power house, but at a lower level, are two sets of 
condensing plant, one by Messrs. .\llen and Co., of Hedford, 
and the other hy Worthington's. The Allen set is Cipable of 



Fig. 8.— Great Wcitern and Melropolilan Kailwa)s Gimposiic Carriage. 

dealing with 30,000 lbs. of steam per hour. There is also on 
this floor a Shand Mason fire pump, the output ol which is 
1,450 gallons of water per hour at 1 20 lbs. prosure. In front 
of the power house is an artesian well 300ft. deep. This has 
a capacity of 10,000 gallons of water per hour. 

The switchboard was supplied by the Silvertown India 
Rubber, (iutla Percha and Telegraph Co., Ltd. It extends 
across the full width of the power house and is made of black 
polished slate. 

The boiler house alongside the power station contains three 
Lancashire hollers, each 3olt. by 8ft.. and two Babcoc^k and 
Willcox water tube boilers, with specially designed furnaces 
for burning wood reluse. There is one indejH-ndently-fired 
superheater and two (ireen's economisers. Ihe stack is 
n)oft. high, with an internal diameter of Sft. 

The saw mill is a very fine shop completed onlv two vears 
ago, but such has been the growth of the business that it is 
already inadequate for its purpose, and plans ha\e been pre- 
pared for its construction with a capacity 50 per cent, greater 
than that at present afforded. The existing dimensions arc 
400ft long by 150ft. wide, and in addition to this there is the 
"breaking down" mill, 75ft. wide by 175ft. long. 

The saw mill is in three bays, each 5olt. wide, and the shop 
is served by one 5-t()n 3-molor type overhead crane and one 
hand pow er crane of 30 cw t. capacity. 
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by 50ft. wide in one span. 

This is equipped with a special sand- 
papering machine of a type designed at 
Saltlcy and patented by the Metropolitan 
Amalgamated Company, and a variety of 
special machines adapted for carrying out 
the various processes. Immediately ad- 
joining this is the packing shop for iron- 
work, where a 5-motor electric crane is 
kept constantly employed. 

The wagon shop is situated on the ex- 
treme east side of the \Vor4cs' ground, and 
is one of the finest of the buildings. It is 
8ooft. long and is arranged in two bays, 
each 50ft. wide, served by three 5-ton 
cranes of the three-motor type. In this shop 
the work of building wooden wagons, also 
the large bogie type of wagons and 
standard types, is carried on. Fig. 4 is an 
excellent view of the shop. 

The whole of the works is served by an 

overhead gantry, 50ft. high, with a span 

of 50ft. and a length of 800ft., the gantry 

Fig. 9.— Interior of Great Western and Metropolitan Railways Composite Carriage. being provided with two 3-motor type 

rhe whole of the belting, motors and 
shafting arc fixed underneath the lloor, 
and the Company is about to put down 
a saw-dust and shaving extracting in- 
stallation. The largest machine in the j 
saw mill is a horizontal log hand saw, ^ 
electrically driven and capable of taking 
logs 70ft. long by 4ft. square. There 
are also two high-speed planing machines 
for finishing match boarding at a rate of 

Fig. 10. —Restaurant Car ; Buenos Ayres Great Southern R. 



Fig. II.— Interior of Restaurant Car ; Buenos Ayres, Great Southern R. 

looft. a minute. The largest planing 
machine takes timber measuring i6ins. 
by 7ins. 

The timber drying sheds cover a floor 
space of 71,200 sq. ft. for natural drying, 
and in addition there is a store of 5,000 
cubic ft. capacity wherein timber is 
artificially dried, the temperature being 
raised to 130" F., and the heat and dry- 
ness of the air regulated by valves 
worked from the front of the building. 

Adjoining the saw mills is the finish- — 

ing department, measuring 400ft. long 



cranes of 5 tons lifting capacity each. 

The body (fig. 5) and paint shops are separated from 
the other buildings. They are together 370ft. long by 
260ft. wide. The body portions of the cars are built here and 
the trimmers* work is done in the gallery at the west end of 
the shop. The paint shop is for coaches only, and there is 
a polishing gallery corresponding to that in which the trim- 
mers are accommodated in the body shop. The paint stores 
are completely equipped with grinding mills and other 
necessary appliances, occupies a separate building near by. 
The car and paint shop is served by 50 electrically-drivefi 
traversers. 

A tramway on the i5ins. gauge is laid throughout the' 
works, and telephonic communication between all departments 



Fig. 12.— Covered Goods Wagon ; Argentine Great Western R. 
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^*g- '3* — Cattle Wagon ; Argeniine Great Western Railway, 

is installed. There arc 37 hydrants, all connected with the 
Metropolitan Amalg-amated Co. 's own main, and firemen are 
on duty day and ni^ht. An efficient fire brigade manned by 
employees is maintained. The workshops and yards are 
lighted throughout by electricity, over 600 arc lamps being in- 
stalled, besides some 10,000 incandescent lights. 

As a general rule the boilers are under steam incessantly, 
except, of course, when shut down for washing out or repairs, 
and the bulk of the machinery is working continuously, the 
men being divided into day and night shifts. The whole of 
the wood working and paint shops are equipped with Grinnell 
sprinklers. The average number of men employed in Saltley 
Works averages 2,121, but at times a considerably larger 
number are engaged. Mess rooms are provided for the use 
of the staff and workmen. Those for the men are about to 
be re-built on an enlarged scale, with club rooms, shooting 
ranges and other devices for the social advancement of the 
employees. 

The total horse power developed by the 147 electric motors 
installed in the works is 1,937 h.p., and in addition to the 
i5ins. gauge tramway there are 58 miles of sidings on the 
standard 4ft. S^ins. gauge in the yards. 

Having ihus briefly described the principal feature^ of the 
shops comprising the works of the Metropolitan Amalgamated 
Railway Carriage and Wagon Co., Ltd., attention may be 
drawn to a few selected examples of the rolling stock recently 
built there. 

Considerations of space prevent the writer from going 
into a detailed description of each of the types illustrated. 
Figs. 6 and 7 show special car built for the use of the late High 
Commissioner in South Africa, Lord Milner, and is a most 
luxuriantly appointed vehicle running upon two four-wheeled 
bogies and comprising several distinct compartments, each 
having its separate purpose. The car is built for the 
3ft. 6ins. gauge. 

Other rolling stock illustrated (figs. 8-13) incl'ules a com- 
posite bogie coach for the Great Western and Metropolitan 
joint electric service between Hammersmith and the City, a 
restaurant car for the Buenos Ayres Great Southern R., and 
two bogie wagons for the Argentine Great Western R. 

In conclusion, the writer's thanks are due to the directors 
of the Metropolitan Amalgamated Railway Carriage and 
Wagon Co., Ltd., for permission to inspect the works at 
Saltley. 



Valve Gears of Locomotives.* 

As this Assoc^iation was favoured at its 
last convention with admirable mathc- 
matic analysis of various forms of valve 
gear in use on kx^omotives, it is evident, 
from the wording of the subject assigned 
to this committee, that it is desired to 
present the practical considerations 
governing present-day locomotive engi- 
ne(Ting in regard to choice and design 
of valve gears and the results obtained 
in general practice and use. The subject 
is, perhaps, the least understood of all 
the detail mechanism of the Ux'omotive, 
and while most railroad and drawing 
ollices can produce men <-ompetent to lay out and 
design the ordinary type of motion, yet the builders are 
very generally called upon to furnish the design, subject pos- 
sibly to a spec ification that allows and expeits the builder to 
use his best judgment in regard to these important details. 
That his confidence is not misplaced is to be seen daily in 
the fine performance of engines the country over, in all 
classes of service, fast and slow, passenger, freight, work 
and switching. 

The .Stephenson link motion has held its own in this 
country, almost without consideration being given to other 
types, until very re<Tnt years. The types and weights of 
engines employed lent themselves to convenient use of this 
type of link motion, which has many desirable and valuable 
features to commend it. 

The time came, however, when it bec^ame expedient to 
make c^hanges for some of the following reasons : Some types 
of engines have so many wheels, or they are so closely 
grouped that it is a difficult matter for enginemen to get 
under them except when over a pit. This contributes to 
neglect, lack of prompt adjustments for wear, lack of proper 
inspection, and a more rapid deterioration. With the in- 
crease in size and weight, the dimensions of eccentrics re- 
quired for large axles are excessive and their peripheral speed 
is so great as to make maintenance and lubrication of the 
eccentrics and straps expensive and troublesome. 

By the abolition of eccentrics and straps, a long list of 
engine failures is eliminated ; expense for maintenance and 
lubrication reduced ; room gained for better cross-bracing 
and strengthening of frames and adding to convenience on 
a(H'ount of the men not being required to go under the en- 
gines to the same extent. On heavy engines, the weight of 
all moving parts of a link motion, from the eccentric straps 
through to the valves, is so great as to contribute to accident 
and rapid wear, so that an equally efficient valve motion with 
lighter parts and greater accessibility is in demand for heavy 
power. 

For many reasons, we cannot lower the standard of 
efficiency as set by the Stephenson link motion. Economy in 
use of coal and water are more necessary than a reduction 
in weight and wear of valve motion parts. No railway 
manager will sanction the use of a device, no matter how 
beautifully simple it may be, if his costs as measured in 
coal arc increased thereby. Forttinately, we are able to 

♦Report of the Committee— Messrs. C. A. Scley (chairman), R. Quayle, L. 

H. Turner, and J. H. Manning— to the American Master Mechanics' 

Association. 
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obtain a valve motion having the desirable features of lighter 
parts and accessibility without a loss of ellicicnry in the 
Walschaert motion, which has come into extensive use the 
last few years. 

At this point in the report valve motion diagrams were 
introduced, made by a special machine devised by the Bald- 
win Locomotive Works. These clearly showed that, not- 
withstanding the constant lead of the Walschaert motion, the 
pre-admission is more favourable at short cut-offs than with 
the Stephenson motion. This data also showed that the 
various |>oints of pre-admission, port openings, equalisation 
of cut-offs, release and the closures can be as favourably 
arranged with Walschaert motion as with the link motion 
examples presented. 

The following table of weights are given us for a 22-inch 
consolidation engine, said to be identical in everything ex- 
cept the valve motion, built by the Baldwin Locomotive 
Works : 

Complete. Moving Parts Only, 

Stephenson. Walschaert. Siephenst.n. Walschaert. 

Crosshemds 676 746 676 746 

Guide bearer 814 x.116 — — 

Guides 1,712 1,71a — — 

Eccentrics 6cx) — 600 ' — 

Crank arms — 250 — 250 

Eccentric straps ... 1,100 — 1,100 — 

Main crank pins ... 520 516 520 516 

Links 238 418 238 413 

Reverse shaft 325 655 325 655 

Rockers and boxes 018 730 618 730 

Rocker rods and hangers 169 — 169 — 

Link bearing — 234 — — 

Eccentric rc^ 184 264 184 264 

Valve rods 220 546 220 $6% 

Valve yokes 154 140 154 140 

Valve rod guide ... 24 28 — — 

Complete set ... 7,354 8,321 4,804 4,265 

These figures indicate that while the valve gear on^he 
engine with the Walschaert motion weighed 1,000 pounds 
more, yet the weight of the moving parts was less. The 
American Engineer and Railroad journal of June, 1905, pub- 
lished some figures showing saving of weight by the use of 
Walschaert motion on L. S. & M. S. engines, as follows : 
1,283 pounds on a consolidation, 1,215 pounds and 1,745 
pounds respectively on two classes of Prairie type engines. 
These figures indicate a larger saving than the foregoing 
example, but it is possible that as these were early develop- 
ments they may not be representative of present successful 
practice. It is a fact that similar valve motion ports on 
engines abroad are very much lighter than we dare use in 
our own practice. It seems fair to conclude, therefore, that 
we may yet look for improvement in this respect. 

The matter of lead has received much attention, particu- 
larly with link motion, but, as a matter of fact, the measured 
full gear lead is only used possibly for a few turns of the 
wheels in starting the engine, and when running notches are 
in use the lead is entirely different, the amount being depen- 
dent upon various conditions. As the running notch leads 
for best results are within narrow limits, it is apparent that 
the full gear leads vary within a wide range. The amount 
of full gear lead is therefore of little importance in the opera- 
tion of the engine if the running notch lead is right. If 
these premises arc correct, there can be no argument as 
against the constant lead characteristics of the Walschaert 
motion, provided the lead is the proper amount for the 
running notches. The valve motion diagrams show that all 
the other events as derived by a link motion can be duplicated 
by the Walschaert motion so that, except in so far as the 
lead is concerned, equivalent operation can be obtained; 
hence, equivalent economies. 

The practical operation of Walschaert motion is best 
ahowQ by the testimony of roads using it in considerable 



numbers, and at a recent meeting of motive power officers 
and locomotive builders, held to discuss the results of the 
use of Walschaert motion engines, the roads represented 
having about 1,000 such engines, it was the unanimous 
opinion that Walschaert motion was equally well adapted 
to fast and slow passenger and freight service ; that equiva- 
lent economies in fuel and water were obtained ; that no re- 
ductions of tonnage ratings were necessary ; that expense 
of maintenance and repairs were reduced ; that inspection 
and repairs were facilitated ; that construction advantages 
in the way of frame-cross bracing etc., were increased; that 
valve adjustments made are maintained and engines kept 
square much longer on account of the motion being more 
direct, rigid and positive for the passage of the vah^e-driving 
stresses; and that convenience of the enginemen, inspectors 
and shop men is promoted by the accessibility of the motion. 

The discussion thus far has been with reference to the 
valve actuating mechanism proper, as ordinarily used on 
locomotives for operating the usual types of slide or piston 
valves. There are available for the use of railroads some 
patented forms of valve motion or systems or steam distribu- 
tion which are claimed to obtain economies superior to 
those of the types already mentioned. 

The Young valve gear has been applied to engines with 
Stephenson link and later a Walschaert motion having some 
detail modifications from the regular design has been pro- 
posed. The motion acts upon a wrist plate which has con- 
nections to two semi-rotary valves, and the effect of the 
combination produces valve events remarkable on account of 
absence of pre-admission, small amount of lead, quick port 
opening, large exhaust area and fine equalisation of the 
events. It is claimed, due to these features, that fine per- 
formance and superior economies are obtained which more 
than compensate for the cost of maintenance of additional 
parts required. 

For the past six years the Allfree-Hubbell designs for 
improving steam distribution have been under test and the 
designers have made changes from time to time. The first 
design or ** geared system,*' as the designers called it, has 
been superseded by what is known as their ** compression 
system,'* some of which have been in service for several 
months. This design is supposed to embrace the economic 
features of the original design with some additions, and, 
as it now stands, it attempts to produce the following re- 
sults : late release, late compression, low clearance, balanced 
compression, reduced cylinder radiation, quick admission and 
quick release. In the later design an auxiliary valve has been 
introduced for the control of compression alone, and allows 
the main valves to be made and set for a desired release 
with the Stephenson link, Walschaert, or any other motion, 
all the changes being made in the cylinders and valve alone. 

This device has been under test on several roads and 
from an average^ of several reports it seems to give about 6 
per cent, reduction in fuel consumption and 5 or 6 per cent, 
increase in train load, and is able to maintain the same or a 
little more speed than engines of the same size and ordinary 
design, except the cylinders. There is also a lighter drain on 
the boiler for steam, but we are unable to express the amount 
in figures. In making a study of this system for causes of 
the results claimed, we find a very late compression, which, 
according to the argument of the designers, means that the 
negative working pressure is acting at a time when it pro- 
duces the least effect on crank pin. In other words, when 
the crank pin is very near the centre, from this point alone, 
an increased load is possible, not so much from an increased 
working pressure as from a reduced negative work. In view 
of the above argument any given load could be handled with 
a less amount of steam, which means a less amount of coal 
and therefore brings the handling of greater load within 
the possibilities of the boiler. In addition to this, the re- 
duced clearance is claimed to be responsible for a consider- 
able steam economy. 
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Siemens Bros.' "All-Electric" Signalling and Interlocking at Snow Hill, Birmingham; Great Western Railway. 

In the Railway Engineer for November last there was pub- and therefore the arrangements are somewhat tentative and 
lished a description of the new all-electric signal system the numbers of the levers shown are not necessarily those 
designed by Mr. Fcrrcira and brought out by Siemens Bros. that will be employed. 
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Fij;. I. — Siemens Bros.' *'All-Elcctric" Signalling and Interlocking at Snow Ilill, Birminjiham; Great Western Railway. 



and Co., and which is to be fixed at the new Snow Hill Sta- 
tion, Birmingham, on the Great Western R. 

By the courtesy of Mr. Jas. C. Inglis, the general manager 
and consulting engineer of the G.W.R., and Mr, A. T. 
Blackall, the signal engineer, there is presented in fig. i a 
diagram of the lines and signals and of the arrangement of the 
point and signal connections. 

It shoyld b^ VJnd^rstoo^ that th^ work is not yet completed. 



In the North Box there is proposed to be a frame of 224 
levers, of which 39 will be spare, and in the South Box 80 
levers, of which 15 will be spare. 

There are four lines of way north of the station — towards 
Wolverhampton — and two on the south — towards Bordesley. 
These fan out into two through lines in the centre of the 
station and four platform jin^s, and th^r^ will be four bay ling§ 
?it the north end, 
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Scissors crossings will be laid in between the through 
lines and the platform lines next to them. The points, in the 
up lines, of the scissors will be worked from the North Box, 
as it will control the approach of trains over them, and the 
points in the down line will be worked from the South Box for 
similar reasons. 

The crossover road between the through lines will be 
worked from the South Box, but controlled from the North. 

Facing point locks and locking bars will be attached to 
these points marked F.P.L. Those where the position of the 
signal does not allow for a bar to be in the rear of the points 
will be provided with two bars in advance of the points, one 
on each road. 

In many instances one lever operates two, and in one case 
three, sets of points. Such levers are marked with a number 
— as 191 for the end nearest the South box of the crossover 
between the through lines — for the first points and A — as 
191^ for the second and B for the third. 

In all cases one lever operates the F. P. lock and points. 

Owing to the presence of a tunnel at the south end the 
train movements on the up line arc attended with difficulty. 
No passenger train will be allowed to leave the station unless 



there is a road through, and therefore the departure signals, 
A, B, C, cannot be lowered until the starting disc G is **off. ** 
For shunt movements from the same roads signals D, E, F 
are employed, and these interlock signal G. The length of 
the up line between the points of the crossover road and signal 
G will be provided with train protection bars or a section of 
** Track-Circuit *' so that signals A, B, C, D, E, F cannot be 
lowered if a train be standing at signal G. 

It has been previously mentioned in the Railway Engineer 
that the Great Western Co. now only make their distant sig- 
nals for approaching a junction to be lowered for the straight 
line where splitting distants are not provided, also that where 
speed has to be reduced the distant is kept **On'* always. At 
Birmingham they have had to depart from consistency so far 
as the down distant signal is concerned. The reason for this is 
that the station is approached on a severe rising gradient, and 
therefore drivers should have an early warning as to whether 
the line be clear. The gradient is against any high speed, and 
consequently there is no objection to the distant being *' off ** 
for entering any road. 

Route indicators are provided to those signals marked 
** R.I.** Fig. 2 illustrates how these are worked. In the 
case a are carried a set of discs lettered according to the roads 
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to which access can be obtained. Eight discs can be pro- 
vided, and above these are eight hooks spread out over the 
top of the case, and which are attached to the frame b. Each 
disc has a hook which fits into it but which are all normally 
out. i'or each disc there is a lever allotted in the locking 
frame, and when the road is made, say for the main line, the 
pulling over of the proper lever will cause the hook to enter 
the **main" disc and for the signal to be lowered as described 




Fig. 2. 

in the November Railway Engineer. At the same time the 
lever c is raised and lifts the frame b and brings up the **main" 
disc. 

It is physically impossible for any but the right disc to be 
raised, or for it to be raised unless the signal is lowered, and 
when *'off" it cannot fall again until the signal is restored. 

Only one motor is used for each signal provided with a 
route indicator. 



Queensland Railways, 1906-7. 

The Report of the Railways Commissioner — Mr. J. F. 
Thallon — upon the working of the Queensland Government 
Railways during the year ended 30th June last states that : — 

As no new lines were opened for traffic during the year 
under review the total length remained at 3,137 miles. 

The amount expended during 1906-07 was ;^524,682, 
leaving an unexpended balance of ;£^i, 418,785 at the end of 
June last. The expenditure for the year 1905-06 was 
;^ 1 30,965. 

The gross revenue was £ifi2^y6y2 and the working ex- 
penses ;£.9i2,638, producing a net revenue of ;£^9i7,035, or an 
increase of ;6234»3o8. The improvement is not confined to 
one class, but includes all descriptions of traffic, and, with 



the exception of the Normanton Railway, extends over all 
lines. 

The increase of ;^49,282 in the working expenditure is 
due to increased salaries and wages, restoration of classifica- 
tion increases, increased volume of traffic, and, consequently, 
additional train mileage. The percentage of working ex- 
penses to revenue is 49*88, as against 55*84 for last year, and 
is the lowest recorded for the last 24 years. The percentage 
of net revenue to capital expended on opened lines was jQ^ 45., 
or ;^i 15 2d. more than last year, and is the highest return 
for the last 24 years. 

The revenue and expenditure per train mile, of which so 
much is made by railway departments generally, are of little 
use for comparison between States, where each has its own 
particular gauge and different local conditions; but they arc 
of great advantage in comparing the results of one year with 
another, and indicate clearly what has been done towards 
economical working. With this view the following return is 
submitted, viz. : — 

1904-05. 1905-06. 1906-07. 
Number of train miles ... 4,917,781 5,281,611 6,126,136 
Revenue per train mile... 55. 9J. 50.-. io\d, 55. iiJJ. 
Expenditure per train mile 2^. 3} J. ^s. ^\d, 2S, iijd. 

Last year shows the highest record of earnings per train 
mile for the last 23 years; and the expenditure per train mile, 
including, as it does, the highest wages ever paid by the 
department, is lower than it has been for many years. 

The shipment of coal at Brisbane and Maryborough again 
shows a satisfactory increase for the year 1906-07 — namely, 
315,859 tons, compared with 243,170 tons the previous year. 

TJie Chief Engineer certifies that the lines have been 
efficiently maintained. The cost of maintenance per mile 
shows a slight increase — viz., ;^84 los. 54/., as against ;^83 
35. 9^. for the previous year, which is reasonably due to the 
extra number of trains, but it compares favourably with pre- 
vious years. 

Harrow Road Bridge; Great Central Railway. 

I.v our issue for March, 1906, we published a description of 
the new section of the Great Central R. from Neasdcn to 
Northolt, accompanied by drawings of the most important 
of the bridges and other engineering features of the work : 
we now illustrate one of the less important of the bridges, 
the drawings of which will, however, not be less useful on 
that account. 

The bridge illustrated carries four lines over the Harrow 
Road just before the line reaches Sudbury and Harrow Road 
Station, fig. i. It crosses the road at an angle of 65": the 
skew span is 72ft. 3iins. and the square span b5ft. bins. 

Fig. 2 shows the positions of the girders and details of 
the abutments. Fig. 3 gives a plan of the bridge and details 
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Harrow Road Bridge ; Great Central Railway. 
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of the cast-iron bedplates and the rail bearers and floor plates, 
which are stiffened by 6 x 3 x J T*s as shown on fig. 4. 

^^S' 5 shows fully the two inner and the two outer main 
girders. They are all the same depth, viz., 6ft. over the 
angles, and the top and bottom flanges are respectively 21 
and 24ins. wide, but the plating of the flanges are quite dif- 
ferent, as shown by the diagrams. The outer sides of the 
outer girders are surmounted with a cast-iron parapet, and 
the bays are also filled in with ornamental cast-iron plates — 
see fig. 5. The cross girders are illustrated by fig. 4. 

All the rivets in the main girders are Jin. diam. and fin. 
diam. in the cross girders, flooring, ballast plates and rail 
bearers pitched 4ins. except where shown otherwise on the 
drawings. All the holes are drilled. All packing pieces are 
in one thickness. 

The main girders have a permanent camber of 2jins. at 
the middle, and the outside cross girders Jin. and the inside 
cross girders lin. 

Two of each kind of the bedplates are fluted, fig. 3, and 
two of each plain; the latter are drilled and tapped for i^in. 
stud bolts for fixing the girders, the bearing surfaces being 
accurately planed. 

The Neasden and Northolt line was laid out and the 
bridges and buildings designed by Mr. C. A. Rowlandson, 
M.Inst.C.E., to whose courtesy we are indebted for the draw- 
ings published. 



The Locomotive from Cleaning to Driving.— XII.* 

By 
John Williams, Locomotive Inspector Great Central i?., and 
Jas, T. Hodgson, Mechanical Superintendent School of 
Technology, Manchester. 
[NOTE. — Owing to some of the illustradons not being ready it was impos- 
sible to coniinae ihe subject of Brakes in this issue, but we shall do 
so in oar nexL — £1. R,E.] 

Duties of the Driver. 
Having successfully passed through the cleaning and firing 
stages of his career, the spare driver will, by virtue of the 
time he has spent upon the footplate, have gained sufficient 
experience to know that it is practically impossible to obtain 
or to give information beforehand regarding every difficulty 
that may present itself during his daily work. So much 
depends upon outside circumstances, such as signals, amount 
o^ traffic on the line, engine failures, etc., that his indi- 
viduality and discretion, combined with the manner in which 
he attends to the various details connected with his duties, 
will always have a direct bearing on his success or failure as 

•Copyright. No. I. of this %er>e^ ajipeared in February, 1907 ; No. II. in 
March, 1907 ; No. IH. in Apil, 1907 ; N-. IV. in May, 1907 ; No. V. in 

tune, 1907; No. VI, in July, 1907 ; No. VU. in Au(»u<r, n^y • No. VIII. 
a Scpicml cr, 1907 ; Na IX. in (>clMher, 1907 ; No. X. in Novcm! er, 1907 ; 
No* XI. iu Li^ccuile', 1907. 



Crosi Section. 

a driver. It is during the first 12 or 18 months that the young 
driver will have to show that his promotion was merited, and 
a few slight mishaps or casualties during that period may 
greatly retard his progress, and seriously impair his future 
prospects. His record will to a certain extent be compared 
with that of others, who have had many more years* expe- 
rience, and he may often find himself on an engine not in the 
best of condition, or with a fireman for mate who is some- 
what new to his duties. The following is therefore intended 
to emphasise the importance of a few of the various details 
C(»nnected with daily work, and which, when properly applied, 
go to make the successful driver by giving the necessary con- 
fidence for the proper discharge of his duties, leaving abso- 
lutely nothing to chance. 

After having signed the appearance book, and obtained 
the number of his engine from the sheet, the driver should 
sec what is entered for his engine in the report book. Any 
special bills or road book that may be necessary should be 
signed for, and the notice boards carefully examined for 
orders respecting water, repairs to the line, alterations to 
signals, etc. To prevent the occurrence of any mishap for 
which he would be held responsible the driver should write 
out on paper the stops and running of his train. In this 
manner any detail affecting the daily work, whether in time 
book, rules, or special bills, will invariably be committed to 
memory before starting on the journey. 

On some railways, when the return trip cannot be com- 
pleted in 10 hours, the engine is brought down from the shed 
to the terminus and backed on to the train ready for the 
driver and fireman proper to take the train away. When the 
engine returns the men are again relieved by other men, who 
take the engine back to the shed. These trips are only given 
to the best and most reliable men, and may be described as 
the ** blue ribbons *' of engine driving. Such engines are 
generally double crewed, and the men only work 30 hours a 
week. 

After the various notices and instructions have been duly 
noted, he will go to his engine and first examine the gauge 
glasses to ascertain the amount of water in the boiler. The 
water level should be verified by blowing the gauges through, 
at the same time a glance at the pressure gauge will show 
whether steam is generating in sufficient quantities, and the 
fire may be regulated accordingly. A brief glance into the 
fire box will show the state of the fire, and the condition of 
the tube ends, fusible plugs and brick arch should be noted. 
The tanks should next be inspected to make sure that there is 
sufficient water for the boiler, and the coal examined as to 
supply and mode of stacking. The injectors should be tested 
to see that both are in proper working order, and the tools, 
lamps, fire irons, detonators, etc., overhauled, so that a com- 
plete set may be at hand. The engine, assuming it to be 
** right hand,'* i.e., right hand crank leading when running 
in fore gear, should be placed on the pit with the right hand 
crank on the bottom centre, brake hard on, reversing lever in 
mid gear, and cylinder drain cocks open. Passing under- 
neath with suitable spanners, all nuts on glands and rod ends 
should be tested. Make sure that they are securely locked in 
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position. Lock nuts, split pins, and all such devices arc spe- 
cifically adopted as a safeguard for retaining the various 
pieces of motion work, etc., in proper position, and the loss 
of the least of these may lead to dangerous consequences or 
serious delay. A cursory or incomplete examination is there- 
fore little or no better than none. With the cranks as stated 
the whole of the crank axle, big ends, motion work, etc.. 



may be examined and 

oiled. At the same time the 

big ends may be tested for 

adjustment and the wear 

taken up if necessary. This 

should be done by degrees. 

so that the tendency to 

knock may be prevented by 

maintaining the brasses in 

proper contact with the 

journals and thus reducing 

isk of melting the anti-friction 

il by the journal heating up, 

ould be likely to occur if neg- 

d, or the cotter driven home 

. The back and front slide 

ccentric sheaves, straps, rods, 

•ing connections, and the long 

od, etc., should be examined 

manner. Look into the ash- 

ther ashes have been properly 

)te the condition of fire bars. 

itisfied that there is a suitable 

d make sure as to the sanding 

[id tender being in proper work- 

ic that the hose connections are 

rhe plug on the vacuum reser- 

,v^.. c,..wM.v. «.c,vr .^^ w^vc*.,.w..«Ily removed for draining the 

accumulated water. 

The drip valves and all brake connections having been 
examined, the driver should then mount the footplate, and 
pull ejector handle in the ** full on " position before opening 
the small ejector steam valve, otherwise a certain amount of 
water is invariably discharged from the ejector exhaust pipe 
in sufficient quantities to dirty the smoke-box and boiler. 

With the ejector handle in ** full on " position it will be 
found that this water is mostly deposited in the smoke-box 
and not up the chimney, as when steam is first admitted with 
the handle in '* Running Position.'* Having returned his 
handle to the latter position, the driver, by observing the 
pointer of the vacuum gauge, can assure himself that the 
biake is in proper working order. This is also particularly 
applicable after an engine has been coupled to a passenger 
train, insomuch that the time occupied in creating the vacuum 
would denote whether the whole or part of the train had been 
inadvertently left uncoupled. 

The double acting air pump on engines fitted with the 
Westinghouse brake should be examined and the plug in the 
main reservoir, as well as the bottom cap of the drip cup, 
should be unscrewed at least once a week, or more frequently 
in frosty weather. The air cylinder of the pump should be 
sparingly lubricated and the oil cup provided on the top of 
the cylinder should therefore be filled not more than once a 
day with a suitable lubricant, tallow or other oils of a vege- 
table character being unsuitable for this purpose. 

The best mineral oil should be used for the steam cylinder, 
and the pump should be started slowly to allow the conden- 
sation to escape from the cylinder, thereby preventing the 
knocking which is likely to occur when the air pressure in 
the main reservoir is low. The gland packing on the piston 
rod should be maintained in good condition to avoid the leak- 
age of condensation down the rod and into the air cylinder. 
The driver's brake valve should be tested in the different posi- 
tions and an inspection made to see that the proper pressure 
is retained in the main reservoir when the handle is placed 
in the ** Position Whilst Running." 

The underside inspection being finished, the engine may 
be moved so that both cranks are at the top, that is, equi- 
distant from the top centre, in which position, with the re- 
versing lever put in mid gear, the remainder of the motion 
work, little ends, drag links, axle boxes, and side rods, etc., 
may he properly examined and oiled. 

This position of the side rods is also suitable for the 
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examination of the motion work and big ends, etc., of an out- 
side cylinder engine. 

After an engine has been standing for any length of time, 
it is inijiortant that the driver or fireman should make sure 
the cylinder drain cocks are open, to allow the escape of any 
water, due to condensation, that may be present in the 
cylinders when the regulator is opened. 

It is also good practice, after a wash out, or when the 
engine has become thoroughly cooled, to blow steam through 
the cylinders, not only that they may be properly drained, 
but also to heat up the cylinder metal, thus reducing initial 
condensation when the engine commences working. 

Broken cylinder ends, bent piston rods, etc., are often 
due to trapped water in the cylinders, and many valves have 
therefore been designed, whereby this water (whether due to 
condensation or priming) may be automatically discharged. 

Spencer's Patent Relief and Drain \'alves for Loco- 
motives (figs. 33 to 36) is a modern device designed to act 
as a relief valve for trapped water and also to take the place 
of the ordinary cylinder drain cocks. 

The valve has six passages, 1-6. fig. 34, which are con- 
nected to the back and front ends of the cylinders and steam 
chests respectively, as shown in fig. 33. 

These passages open downwards into one common 
chamber, through ports in a faced surface, and a central pas- 
sage h is also provided, which is in communication with the 
atmosphere. The faced surface of the ports is covered with 
a properly bedded plate or disc d (fig. 35), which is main- 
tained in position by the admission of steam direct from the 
main pip>e to the underside of the disc at e. 

The area of the surface exposed to the main pipe pressure 
is greater than that of the ports in communication with the 
cylinders, and the disc is therefore held tight against the port 
faces, until an excessive pressure due to trapped water 
in the cylinder occurs, when the disc is forced from the face, 
thus discharging the water through the central port into the 
atmosphere. A specially designed three-way c(K*k is fixed 
upon the boiler front-plate in the cab, by means of which the 
pressure underneath the disc may be relieved, whereupon 
both ends of the cylinders and steam chest may be drained 
as with the ordinary cylinder drain cocks. 

The driver should see that the right lamps are exhibited 
when leaving the shed and should back up to his train care- 
fully. He will also be expected to start away without jerk- 
ing, whether it be goods, mineral or passenger train, careless- 
ness in this respect often resulting in broken draw-bars, etc. 
The fireman should be instructed how to work his fire to 
obtain the best results, and should also be taught when and 
where to fire, so that both can be on the look-out for signals 
at the proper places. 

The geography of the road should also be explained, and 
the fireman shown how to prepare his fire when approaching 
a rising gradient. Special attention should be paid to the 
regulation of the boiler feed supply, and the dangers of too 
much or too little water in the boiler clearly explained to the 
fireman. The locality of the junctions, crossings and curves 
must be thoroughly known so that the speed may be reduced 
to its proper limit at the right time. This point should not 
require emphasising, seeing that the consequences of dis- 
obedience to the regulations are so serious. 

A driver will require to have been on the road some con- 
siderable time and to have also been very observant before he 
can form anything like an accurate estimate of speed from 
the swing of his engine, the velocity at which standing objects 
are passed, or the sound of the rails, etc. Although the 
method or instinct by which the speed is estimated is only 
acquired after years of training, it is undoubtedly advisable 
to use some definite or absolute method to assist in the acqui- 
sition of the necessary power of judgment. The telegraph 
poles alongside the line, for instance, are usually placed from 
*)0 to 70 yards apart where the road is straight and thus form 
a ready means whereby the distance travelled by the engine 



in a given time may be 
determined. There are 
1,760 yards in a mile, 
and taking the distance 
between the poles as 
60 yards there will be 
29*33 pol^s fixed to the 
mile, so that after al- 
lowing for slight cur- 
vatures or deviations 
in the road 30 poles 
will be a fairly accu- 
rate and very' conve- 
nient unit upon which 
which the calculations 
may be based. The 
speed of a train is 
generallv expressed in 
miles per hour, and it 
is therefore obvious 
that if travelling at the 
rate of (So miles, which 
equals one mile a 
minute, 30 poles must 
be passed in that time, 
and from this we ob- 
tain the general ex- 
pression that double 
the number of poles 
passed in a minute 
gives the speed in 
miles per hour. Under 
Certain conditions of 
weather and locality 
the poles will be in- 
visible or otherwise not 
available, and some 
other means of measur- 
ing the rate of speed 
will therefore be neces- 
sary. The usual length 
of a rail on the straight 
is 12 yards, so that a 
definite relation 
between the number of 
rails and the number 
of poles exists. Thus 
if the 1,760 yards con- 
stituting a mile be 
divided by the 12 yards 
rail lengths it will be 
found that there are 
146-6 rail lengths to 
the mile, and seeing 
that the distance 
between each pole 
divided by the lengths 
of the rails, 60 yds. -f 
^- = 5i gives 5 rails to 
the pole, or 150 rails 
per mile will be accu- 
rate enough for 
ordinary purposes, 
hence 150 rail lengths 
per minute equals 60 
miles per hour. 

7S rail lengths per 
minute = 30 miles per 
hour. 

25 rail lengths per 
minute =10 miles per 
hour. 

if divided up with 150 
rails and 60 seconds as 
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Section on Line CD. 



Section on Line E.F. 



constants it will also be found that the 
number of rails passed in 24 seconds is 
equal to the number of miles per hour, so 
that 24 seconds is the only quantity that 
need be remembered. 

Seeini^ that the number of poles per 
mile varies with the different companies, 
and that the length of rails may also be 
different, some general rule adaptable to 
the various systems will no doubt be appre- 
ciatc*d. It will be noted that the 
number of seconds bears a constant 
ratio to the number of poles or length 
of rail, hence when travelling at 60 
miles per hour, each pole, when 30 to 
the mile represents 2 seconds of time 
and 24 seconds or twice the length of the 
rail in yards is the unit upon which is based 
the method of obtaining the speed by 
rails. From this it is evident that, 
whatever the pitch of the poles or 
length of rails may be, the number of 
poles passed in as many seconds as the 
poles arc yards apart, or the number 
of rails passed in as many seconds as 
the rails are yards in length multiplied 
by 2 will give the speed at which the 
engine is travelling in miles per hour. 
Thus, by using the equal yards and 
seconds any speed may be approximately 
(calculated, e.<^. 




Section on Lire K.L. 



Section on Line GH. 
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60 passed in ho 



Miles 



^\S 



Yds. 



long. 
12 

12 

12 



or 
Seconds, 
passed in 12 
12 

T2 



or any other h^ngth in yards as 20 x 2 
seconds — 40 miles per hour, and so on. 
(Ttt he coiUiuuviL) 



per hour. Poles. 
(So or 30 X 2 
60 or 30 X 2 
ho or 30 X 2 



Miles per hour. Rails. 
- 30 or 1 5 X 2 
= 20 or 10 X 2 
— 10 or 5 X 2 
at 10 yds. long in 10 



53 It. 6in. Third- Class Corridor Carriage ; East Coast Joint Stock. 

53ft. 6in. Third-Class Corridor Carriage; East 
Coast Joint Stock. 

Ix our last issue we illustrated the new ^Hft. ^)in. E.C.J. S. 3rd- 
Class Corridor Carriages designed by Mr. Wilson W'orsdell 
and built at the North Eastern (^arriage works at York, and 
we now illustrate some similar but shorter carriages. It will 
be seen that the lavatories are differently arranged and that 
thcMc is one compartment less. The necessary ( ross sections 
and plan are annexe<l, but detailed dimensions of the eleva- 
tion, etc., and description will be found on pp. 377-3f^i <>f our 
last issue, also the cross set tions A B, M N, and O 1*. 
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The Signalling and Interlocking on the Electric Zone 
of the New York Central and Hudson River Railroad. 
On'e of the largest signal contracts that has ever been awarded 
was that given by the New York Central and Hudson River 
Co. to the General Railway Signal Co. for the signal work in 
connection with the re-construction of the Grand Central 
Station in Xcw York City, the widening of the Harlem and 
Hudson Divisions and other works in connection with the 
electrification of the lines in what is ofKcially known as the 
'*Klectric Zone." 



Fig. I.— Standard Signal Tower. 

The size of this work may 
be judged by the fact that in a 
length of 50 miles there will be, 
when the work is completed, 50 
signal boxes, 3,000 working 
levers, 350 automatic stop sig- 
nals, 350 automatic distant sig- 
nals, 1,000 semi-automatic stop 
signals, and 300 semi-automatic 
distant signals. 

The method of operation 
employed at the interlocking 
plants is on the lines of the 
laylor plant described in the 
Raikvuy Eiigiuecr of August, 
1902 (p. J38, \'ol. Will.) 

J'he type of signal tower — or 
signal box — may be judged 
from lig. 1, which illustrates the 
New York Central standard 
signal box, while fig. 2 gives a 
view of the interior of the same 
box and shows the back of the 
locking frame without the cover. 
The Taylor frame, a front view 
of which is gisen in lig. 3, was 
described in the previous article 
above referred to, so that all 
that is necessary now is to draw- 
attention to the handles of the 
slides — the equivalent of the 
levers — the clasp-handlc catch 
A for retaining the lever in 
position (an addition since the 



previous notice) and the vertical tappet interlo<.'king 
with four bars in a groove. In fig. 2 will be noticed 
the relays and terminals and practically the whole mechanism. 
The magnets, B, fig. 3, over most of the slides actuate 
locks connected with "Track-Circuits," and most of them 
are for ** holding the road.'* 

This is known in America as '^approach locking" and is 
provided for all main-line switches whereby they are held as 
soon as a train has reached a point at least one mile in the 
rear of the distant signal. On the Electric Zone this is car- 
ried out very effectively. For instance, when the road is 
made for a train to pass through a crossover junction as from 
a fast to a slow line, all the switches on the slow line that are 
affected are held. Where * 'approach locking" is used it is 
necessary in order to guard against the signalman locking 
himself up in case he sets up the wrong route to provide a 
hand-screw release C, fig. 3, and which, by taking some time to 
withdraw the locks out of the tappets, permits the route to 
be changed after the lapse of i| minutes after the signals 
have been restored. 

The practice, now becoming common in America, of using 
a section of '* Track-Circuits " operating locks B, fig. 3, in- 
stead of locking bars (detector bars) for holding facing points 
whilst trains pass over them has been adopted in this work. 

Illuminated diagrams, called illuminated track indicators, 
and similar to those on the District and Tube Rs., are pro- 
vided throughout. They differ to those used here, as an un- 
occupied track is indicated by white lights and a fouled track 
by red. Something of this sort is necessary in such places 



Fig. 2. 
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as the Grand Central Station, where the signalman will be 
unable to see his points and the roads he controls. 



l^'ig 3. 



Fi^. 4 illustrates the switch operating machini , which 
is small and (X)mpacl, allowing it to be placed between the 

tracks and in cramped quarters. 
It can be bolted to the sleepers. 
It consists of a vertical motor 
operating a cam through a train 
of j^ears, the sequenc e of opera- 
tion bein^ (1) raise kx^king bar, 
(2) unlcx'k, (3) throw points, (4) 
lock, (5) lower detector bar. 
The mechanism contains switch 
box, reversing. nuH'hanism, and 
relay for use when operating 
both ends of a crossover. The 
mechanism is self-contained and 
no part is above the top of a 
hin. rail when resting on ex- 
tended sleepers. 

Fig. 5 shows the machine 
with main cam gear uheel a 
and the locking rod h removed. 
Fig. h is a view of the upper 
side of the cam gear wheel and 
lig. 7 is a view of the lower side. 
Fig. S illustrates the IcK'king 
rod. 

To the underside of the Unk- 
ing rod h are two rollers () ()-, 
the former working in groove 
L' and the latter, ()-, in groove 
l-, and when the motor in is 
energised the cam wheel ri, by 
suitable gearing, is revolved in 
a direction from the upper left 



V']g. 4. — Point Mechanism. 



Fig. 6. 
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to the upper ri^ht, and by means of the rollers O O- 

a right to left movement is given to the locking rod /), 

to the end of which is coupled the usual locking bar. Th(! 

first movement is to raise the locking bar so as to ensure 

that no vehicle be on the points, and this is done by the initial 

travel of the locking rod. Through the hole c pass two 

rods- one from each switch in which is normally the dog 

d, and when the switches are o\er they are held by the dog 

d'\ On each side of the locking rod is a slot (R, lig. S) in 

which works a pin on a iTank. One crank works the signal 

circuit controller c, and the other crank works the pole 

changer /, and the first movement of the locking rod causes 

the slot R to turn the signal circuit controller contacts to a 

central position, and to close the circuit of the pole changer 

coils to correspond with the moxement to be made. 

The roller \\ lig. 7, on the under side of the cam gear 

engages in the jaw of the operating rod M hg. 5, by the 

way, shows the rod in a diflerent position to that in fig. 4 — 

but not until the cam has revolved some distance. There 

must tirst be withdrawn the lock \ which holds the operating 

rod. The roller on this lock travels in the groove T and it is 

forced from left to right before the roller V engages with the 

jaw in the operating rod, and then, when the latter is over 

and the points have been moved, the groove T brings the 

lock N back again and it holds the operating rod in its 

"over" position. This is a no\el featuie of much value. 

Normal Condition 
of Ilest. 



Whilst the operating rod is travelling, the rollers O O- 
have remained stationary, but when the rod M is over the 
grooves of the cam gear it carry' them further to the right. 
This causes the pins in the slots R to give a further and 
complete movement to the signal circuit controller, and the 
pole changer is set and the locking bar is pushed over to 
its other position. When the movement is completed the 
raised pieces S S on the cam gear comes against the wing g 
and turns it so that the pole changer is put fully over and 
the motor stopped. 

The signal circuit control is not only operated by the 
locking rod, but by the points themselves. Attached to the 
latter is a rod coupled to the crank h which lowers the move- 
able contact in the switch box so that the circuit is not com- 
plete by the locking rod alone but by the points being 
**home. " This is another novel and valuable feature. 

The *' Return-Indication " switches lie behind the pole- 
changer / and they are moved at the same time as the pole 
changer. The current from the '* Return-Indication " 
switches to the locking frame is generated by the inertia of 
the motor after the points are over and the current cut off. 

Fig. 9 is a diagram of the wiring and shows the live 
states : — Normal condition : lever partly over to reverse 
points *' Return-Indication '* come in and reverse move- 
ment completed : lever put part to normal : ** Return-Indica- 
tion " come in and normal movement completed. The heavy 




A— Motor Armature. B - i lo Volt Battery. C— Pole Chanjjer Lonlacior. F— Fuse. I- Indication Magnet. I S~ Indication Selector. L— Lever 
Con rjllers, LN— Lowci Normal Contact. LR— Lower Reverse Contact. MF— Motor Field. P— Magnetic Pole Changer. PK— Polarized Relay. 

S - Safely Magnet. UN — Upper Normal Contact. UR- Upper Reverse Contact. 

Fig. 9. 
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lines indicate those wires 
carrying current and the 
arrows its direction. 

The signals that are 
worked from Uxking- 
frames are provided with 
operating mechanism 
such as is illustrated by 
fig. 10. This is lor a two- 
arm signal an upp<r 
stop arm and a lower 
distant. The former sig- 
nal is coupled to the up- 
right rod (I and the dis- 
tant to rod h. The mag- 
net c is inergisetl Irom 
the "Tratk-Cin uit" and 
attracts its armature, 
when the set t ion is clear, 
so that a slot on the up- 
right-rod is engaged and 
allows the arm to be 
lowered. In the base (/ is 
a motor which, when 
driven, raises the frame 
e. If the slot in rod n is 
engaged that rcnl is raised 
until the roller /*-' gets 
under the ( ut-out lever / 
when the motor is stopped 
and the signal-arm is 
held ** off " by a clutt h 
in the base d. If the dis- 
tant signal may be 
lowered, or when it may 
be lowered, the motor 
continues running and 
the frame c rises further 
Kig. ic. and engages under the 

stop /;'-, raising the rod b 
until the roller g- gets under the cut-out lever g when the 
motor is again cut out and the clutch holds the signal *' off.'* 
The switches above the cut-out levers are the circuit breakers. 
The dwarf signals, fig. 11, are operated by a motor which 
drives a cam in which works a pin coupling the upright 
rod. As the cam revolves the pin is raised and the upright 
rod, and so the signal is lowered. 

Where two arms are on one post a double field reversible 
motor is used so that the direction of the motor determines 
which arm shall be lowered. 

In the front of the case is a coiled spring A which is 
wound up as the motor revolves. When the signal is to be 
restored to danger the spring is released, and this drives the 
motor armature in the reverse position and gives the dynamic 
indication. 

The type of dwarf signal employed on this work has one 
special advantage— its compactness, and being built in sec- 
tions can readily be converted from a two-arm to a one-arm 
signal and vice versa. 

In the basement of each signal box is a motor generator 
with the usual switchboard, whereby storage batteries, in an 
adjoining building, are charged for supplying power for the 



operation of the points and signals. The motor generator 
consists of a single-phase induction motor, direi t connected 
to a shunt- wound generator. The motor is supplied— ex- 
cept in the C^rand Central Station, where 300 volt primary 



Fig. :i. 

is UNCil from a j,joo xolt 25 cycle single phase line through 
static transformers ha\ ing 110 \olts secondaries. 

In the starting po.sition a non-indurti\e resistance and a 
reactance are connected in scries with the motor field. The 
rcsistanie and reactance lause a sullicient phase displace- 
ment in the windings to set up a distorted revolving field 
effect, sullicient to gi\e a good starting torque. 

In the running position two terminals of the field are 
direct connected to line. Hie change from starting to 
running positions is accomplished by a double throw switch. 

'J'he regulation of the generator is accomplished in the 
usual manner by means of a field rheostat, the switchboard 
connet'tions being arranged for self-excitation when charging 
the 1 10 Nolt battery, or the 110 volts and 10 volts batteries in 
series, and for separate excitation from the 1 10 battery if 
it becomes necessary or desirable to charge the 10 volt 
battery separately. 

These batteries are in a separate building so as to keep 
the fumes away from the signalman and the apparatus. 'Jhe 
storage batteries consist of 55 cells, ol capacity \ar\ing from 
80 to 320 ampere hours, and the average time between 
charging is four days. 

The whole of the Itilectric Zone is to be equipped with 
automatic signals and the running signals at interlocking 
plants are to be semi-automatic. The purelv automatic 
signals are operated by alternating current derived from the 
two great power stations that supply the motive power for 
the trains. These stations deliver three-phase alternating 
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current of 25 cycles and 11,000 volts, which is converted at 
the various sub-stations into direct current, at 666 volts, to the 
third rail for operating purposes. Transformers are provided 
at these sub-stations which reduce the alternating gurrent for 
the signals to 2,200 volts, and it is conveyed to the signals by 
a special single phase transmission line. 

Each sub-station is provided with a switchboard for the 
signal system (fig. 12) together with automatic and hand- 
operated switches. Should the alternating current supply 
fail, D. C-A. C. motor generators, fixed in the sub-station and 
taking current from the reserve storage batteries that are pro- 
vided for traffic operations, will continue to feed the signal 
transmission line. 



Fig 12. 

The system of cross-protection designed by the General 
Railway Signal Co. for this work is worthy of some explana- 
tion. The principle is the opening of the main switch by the 
reversal of the direction of the flow of current in one or more 
conductors. This is accomplished by a switch held in the 
closed position by electro-magnets which switch controls the 
supply of current to all functions. 

In fig. 13 this switch is seen at A, the indicator circuits 
are H H, the magnet windings pf the cin uit breakers are C, 
and D is the rrverse current lontrol of these windings. 

In the normal uperatii^n the winding C is (onnected 
directly acMO.ss the terminals of the battery through the con- 
tarts of the restrse current control (polarised relay). 

Tht« indii^ation currtnt, except that for dwarf signals — - 
where battery indication is used- Hows through the main 
common, the indication roinmon, polarised relay roils D, 
indication Bus bars, controller contacts, and control wire, 
back to the function tending to keep the contact E closed. 
The polarised relay consists of a powerful permanent mag- 
net, one pole of which carries a small horseshoe elec^tro mag- 
net and has a small armature pivotally mounted on the other 
pole, so located as to swing between the poles of the electro 
magnet, one of which carries an insulated contact point. 
The windings of the electro magnet are so arranged that the 
r\ormal flow of the indicuting (nirrent is such as to hold the 
pivoted armature against the contact. Immediately the cur- 



rent is reversed, however, the pivoted armature is thrown 
over to the other side, opening the circuit of the circuit 
breaker coils. 

It will be noted that all control wires are normally con- 
nected to the negative side of the battery through the indica- 
tion bus, coil D, indication and main commons, and that if 
a cross occurs on any control wire at a time when its con- 
troller is not in an operating position, the current will flow 
through the function tending to operate it improperly, and 
at the same time to flow through the coil D in the reverse 
direction tending to open the contact B. 

The resistance of the coil D is so much lower than that 
of the various motors, that the greater portion of the current 
passes through D, the winding of which is so proportioned 
that a current suflRcient to operate any motor, passing 
through it, will instantly open the contact E, thus causing 
the circuit breaker to open and stop all movement. 

The indication common is carried out to some distance 
from the signal box in order to prevent the drop in potential 
in the main common, due to the simultaneous operation of 
several switches, causing current to flow back to negative 
through all control wires that are not in operative connec- 
tion, which current, having necessarily to pass through the 
coil D, would, in case of excessive drop, cause the contact 
I'] to open unnecessarily. 

in order to prevent the circuit breaker from being held 
closed improperly, the circuit breaker relays B (in whic^h a 
is the main and h the operating winding) are introduced to 
control the main current supply by a contact in series with 
the circuit breaker, and in order to prevent the unnecessary 
setting of signals to danger, when circuit breaker opens, the 
resistances G are placed in series between the operating 
coil of the circuit breaker relny, ck)sing the contact F, thus 
bus bars respectively. 




ifiB 



These resistances are so proportioned that th<' one in the 
signal ciriuit, while permitting sufficient current to flow to 
hold such signals as are "clear," will not permit enough to 
flow to clear a signal, and the one in the switch circuit will 
not permit enough current to flow to operate a switch. 

The opening of the circuit breaker causes the current to 
flow through these resistances in series with the operating 
coils of the circuit breaker relay, closing the contact F, thus 
throwing the main coil directly across the terminals of the 
battery and opening the main circuit. 

It will be seen that any current flowing through the re- 
sistances (i, whether holding signals "(lear," tending to 
operate a switi h, or on account of a cross with an operating 
wire of either class of functions, will continue to energise the 
operatinj4 coils of the circuit breaker relny, and that all such 
current must be cut ofl^ before the contact F will open and de- 
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Fig, 14. 



energise the main roil, closing the* rontai t II and permitting 
the closings of the main eireiiit breaker. 

When the (^ireuit breaker opens while a sifjnal is " elear," 
or while a switch is being thrown and before the completion 
of its stroke, it is necessary to return all signal levers to the 
normal position, and to put the switch levers in a central 
position (all controlling- conta(^ts open) before the operating 
coils of the circuit breaker relay will be de-enerji^ised, per- 
mitting: the closing: of the main cin uit breaker. 

If the cross cannot be Cfuickly located and removed, the 
removal of the fuse in the control c^ircuit of the func^tion in 
trouble will permit of the continued operation of such othir 
portions of the plant as are not prevented by the mechani( al 
locking^. 

In addition to the above described apparatus and in order 
to facilitate the location of the particular functional wire 
whi( h is in trouble, the interlocking^ machines are sometimes 
equipped (where the kxation warrants the additional ex- 
pense) with polarised relays in each functional wire, the con- 
ta(*ts of which are in series with that on the switchboard 
relay. 

The transmission line, along: with the power cable, is run 
in conduits throug^h the thickly-populated portions, but, in 
the open, on lattic e poles similar to that shown on the right 
of fig. 14. Where there are bridges of signals an extension 
has been made, as seen, to the framework of the bridge in 
order to carrv the transmission lines. The signial line con- 



sists of \o. o bare copper wire, and the underground line 
of \o. () twin conductor lead-co\ered table run in the du<'ts 
or iron pipes as required. 

Automatic sig^nals are operated by a current of 55 volts, 
which is reduced from 2,2(.o xolts by transformers, marked 
L.T. ]v lig. J5, lixed in the transmission lint* or on the signal 
bridges. 

The line transformers are (onnec ted to the aerial lines by 
plug cut-outs, so designed that a transformer may be dis- 
connet ted without danger. Vhey are cM»nnecled to the cable 
lines by combined I use and junction boxes as shown in figf. 
15. The cartridge fuses are supported on porcelain in- 
sulators and mounted in separate slate compartments, and 
the cables terminate on binding; posts, so that either cable 
may be disconnected without disturbitig its neighbour. 

Mg-. ]() shows the housing with a jun<tinn box on the 
right and a line transformer on the left. A ground shield, 
connected to the transformer case, is provided between the 
primary and secondary winding^s. The case is in turn g^rounded 
to the lattic^e pole by a H. and S. grange (\)pper wire, held 
in place by a channel pin. 

** Track-Circuits " are, of course, employed, the xoltagfe 
power of which depends on the length of the circuits and 
varies from h volt for circuits of jooft. to S \nlts for circuits 
of 5,000! t. The reduction Ircmi 55 xolts is made by track 
transformers, lig. 17 and TT, fig. J5, which are wound for 
a primary xoltage of 55, a track secondary voltage — \ariable 
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Fig 15. 

by means, of taps — from 2 to 6, and a relay secondary giving 
2 volts. The transformers have a closed magnetic circuit 
and are provided with slate terminal boards having a binding 
post for each terminal or tap. They are oil cooled, placed 
in suitably casketed iron cases and provided with six out- 
going flexible leads as shown in the lower part of the larger 
open case in fig. 18. Above the track transformer, in a 
wooden box, is the track relay, and below is a slate terminal 
board. Above the cases containing the track transformer 



Fig. 17. 

Except in the terminals and on short sections at the in- 
terlocking plants both rails of each track are used for the re- 
turn traction current which is direct current. The current 
for the **Track-Circuits" is alternating, but by the use of the 
system designed by Mr. S. Marsh Young, of the General 
Railway Signal Company, the *' Track-Circuits " are pro- 



Fig. i6. 

and relay is another holding the cast-iron resistance G, fig. 
25, grids for limiting the flow of current from the track 
transformer when a train is standing on the transformer end 
of the circuit. 

Fig. 19 is a view of a relay box. The fuses, lightning 
arrester and terminal, are at the top and the relays on the 
shelves beneath. 



Fig. 18. 
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Fig. 19. 
vided with reactance bonds which permit the free passage of 
the direct propulsion current throug^h both the running rails 
but will impede the signal alternating current. 

Fig. 20 illustrates the reactance 
bonds with and without their case. Each 
bond is wound with eight turns of copper 
having a sectional area of one square 
inch, with a continuous carrying capacity 
per track of 5,000 amperes, a short time 
overload of 10,000 amperes, and an un- 
balancing capacity of over 1,000 am- 
peres — the latter without varying the re- 
actance over 5 per cent. The apparent 
resistance of the bond to alternating 
current is approximately 5/100 of an 
ohm. 

The bonds are provided with an air 
gap in the magnetic circuit to limit the 
effect of unbalancing as above, the gap 
being adjustable so that the reactance or 
unbalancing capacity can be varied as 
required to suit local conditions. A con- 
necting chamber is provided in the case 
between the coils in which all coil ends 
terminate and where all connections to 
the rails, transformers, relays and cross 
bonds are made and then concealed by a 
suitable cover. 

Fig. 21 gives details of the wiring 



between the reactance bonds and the rails, from which it will 
be seen that each reactance bond is connected to the two rails 
on each side of the insulated joints. 

1 he track relays, P, fig. 25, are of the induc- 
tion motor type with two field coils. One coil is 
energised by the 50 volt signal operating current 
through a special winding on the track transformer, 
\\hich gives the greater part of the energy required 
to magnetise the fields and armature. The other coil 
is energised by the current from the track rails and it need 
only be strong enough to give sufiicient magnetism to rotate 
the armature. This revolves through an angle of 720 degrees, 
during which movement the contacts are separated through 
360 degrees and made up through 3^0 degrees, so giving a 
good rubbing contact. Especially hard carbon is used for the 
moving point of contact, whilst the fixed part is of platinum. 
As the controlled current is an alternating one, there is little 
sparking, although currents of from J to | horse power arc 
used. 

In future work the track relays will be modified and 
equipped with a number of contacts so as to dispense with 
the secondary relays, S, fig. 25. The new form are illus- 
trated by figs. 22, 23, the former being a front view and the 
latter a rear view. 

The various moving contacts arc mounted on a fiorizontal 
wooden bar, to which motion is imparted by means of a small 
two phase induction motor. One phase is connected to the 
rails and the other to the track transformer as shown at P, 
fig. 25. Of the energy in the two relay windings that sup- 
plied by the transformer direct is by far the greater. This 
requires but a small amount of energy from the track to give 
positive action on the contacts and, as a result, comparatively 
long *' Track-Circuits ** can be operated by a minimum of 
energy. The relay is inherently immune to the effects of 
alternating traction current by employing a distincti\ely dif- 



Fig. 20. — Double Reactance Bonds. 
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Fig. 21. 



ferent frequency for signalling. 

In deciding on the positions of the automatic signals re- 
gard was had to the braking distance of the trains. Where 
only a speed of 45m. p.h. is possible the average length of 
the section is 1,200ft.; for speeds between 45 and 60m. p.h. 



the length is 2,500ft. For higher speeds the average length 
is about 3,20oft. No stop signal can be lowered unless not 
only the section immediately in advance be clear but the suc- 
ceeding one. The lowering of a stop signal therefore indi- 
cates two clear sections, and the arrangement provides an 
**overlap'* of a full section. Distant signals are used. In 
the writer *s opinion the three-position signal would have 



Fig. 22. 



Fig 23. 
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been better for some reasons, as it would have reduced the 

number of arms and given the drivers fewer signals to read. 

The copper connections from the reactance bonds to the 



Fig. 24. 



rails after leaving the bond terminals go downwards and 
underground to the rails where, after passing for a short 
distance abo\e ground to insure flexibility, they are connected 
to the rails. This leaves the space between the sleepers and 
rails free from obstruction. 

The bond connections to rails consist of two 500,000 cir- 
cular mill flexible cables in multiple. The coils are immersed 
in transformer oil. 

The reactance bonds are shown at U in fig. 25. 

The mechanism for the automatic signal is illustrated by 
fig. 24, which represents that for a two-arm stop and distant 
signal, the upright rod for one of which is a, A gear wheel 
b is provided for each signal, driven through suitable gearing 
by the motor m. On the gear wheel b are pins c which come 
against the slot lever d. When the magnet e is energised 
the lever d is rigid and can be turned. The wheel b is carried 
on a shaft, and outside the wheel b is carried the slot lever 
and inside are two arms. To one is coupled the upright rod 
a, and when the signal rod falls the other comes up against 
the bufl'er of the dash-pot h. When the magnet is de-ener- 
gised, after the signal has been lowered, as when the train 
passes ihe signal or the section is otherwise fouled, the slot 
lever d falls away from the pin c and the signal giK-s to danger 
by its own weight. 

The accurate movement of the arm is determined by the 
stop arm / which is coupled to the slot arm d by the rod J*. 
The stop arm is centred at p and it turns to the left as the 
arm is lowered until the opening p comes in line with the 
pins c and so stops the wheel /) at the right moment. When 
the magnet e is de-energised the stop arm / falls to normal, 
and then the pawl /c, also centred on the same pin as p, 
prevents the wheel b running in the opposite direction. 

The distant signal is operated similarly but by the motor 
revolving in the opposite direction. This is governed, in 
part, by the circuit breakers on the upright rod, operated by 
a switch in the dust-proof case /, and by driving and holding 
clutcfies, which are each attracted as required. 

The arm is cleared in two seconds, and on account of the 
heavy spectacle there is an upward thrust of over 200 pounds. 
The mechanism is operated by a { H.P. single phase induc- 
tion motor having starting and working coils as shown at 




B— Iron Core Reactance Bond. C— Centrifugal Circuit Opener. D— Distant Signal Control relay. G— Grid resistance, adjustable. H— llonie 

Signal Control relay. L— Signal Lights. M— Single Phase Induction Motor. P- Poly Phase Track relay. S— Secondary Track relay. DCB— 

Distant Circuit Breaker. IICB— Home Circuit Breaker. ' DS— Distant] Slot Coil. HS— Home Slot Coil. LT — Line Transformer, 2,200 to 50 volt, 

f X__Track Transformer. SC— Motor Starling Coil. WC— Motor Woiking Coil. X— Cross Bond Connection. 

Fig. 25, 
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S C and \V C in f\g, 25. An automatic centrifugal switch C, 
fig. 25, is used to open the starting coil as the motor speeds 

up. 

A counter is fixed by the side of the circuit breaker I to 
record the work done by the signal. This affords useful 
information. 

In the electrical connections energy for the home relay is 
obtained at the track relay immediately in the rear of the 
second home signal in advance of the relay in question, and 
is carried through all intervening track relays and switch 
boxes and returns to the transformer over the common wire. 
The distant contact relay receives its energy at the first home 
signal in advance of it, the control wire being taken through 
a normally clo.sed contact on the home circuit breaker at that 
signal, over the line wire, through a front contact on the 
home relay at the signal location and then over the common 
wire to the transformer. 

Fig. 25 shows a complete typical block signal circuit, 
four sets of signals being illustrated to show all the circuit 
combinations from ** clear " to ** stop '* — the signals are on 
the " Normal-clear '* system. In connection with signals i 
and 7, the internal connections of the signal mechanisms are 
shown — signal i at *' clear'' and signal 7 at **stop. '* To 
avoid confusion the mechanism wiring for signals 3 and 5 
are not shown, the control wires running direct to the arms, 
it being understood that when current is applied to a control 
wire, the arm in question will '* clear.'' 

The ** Track-Circuits '* and various devices having been 
described and the illustration lettered to show the names of 
the devices, the operation of these circuits will be self-evident 
without further comment. 

An interesting feature of the work on the Electric Zone is 
that the tic-plates at the switches are cut and have a 3in. gap 
between the two parts instead of having a fibre insulated joint 
for **Track-Circuit** purposes. 

The writer is indebted to Mr. W. J. Wilgus, formerly 
Vice-President of the New York Central System, Captain 
Azel Ames, Jr., the Signal Engineer, and also the General 
Railway Signal Company for the drawings, photographs and 
data from which this article has been prepared. 



the steam valve or regulator is closed. The opposite ends of 
the heaters g are provided with pipes / communicating with 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of the specifications can be obtained 
at an uniform price of 8J. each. 

Warming Apparatus for Carriages. Oy^yO. igth 
March^ igoj. A, G. IVildy lOy Caxion Roady Sheffield, 
This invention is intended to provide a cheap and efTective 
method of disposing of the condensation water of steam 
warming apparatus operated from the carriages. With the 
above object the steam heater g in each coach is coupled to a 
continuous drain pipe d. The steam pipe c of each coach 
communicates through tubes / with the steam heaters gy one 
or more of which arc provided in each compartment, valves or 
regulators h being provided which are operated through a 
system of rods and levers, indicated generally by f, such 
system being arranged so as to permit of the ready manipula- 
tion of the regulator by the persons in the compartments. 
To facilitate the escape of pressure in any heater which has 
been in operation and has been cut oiF and to enable the heat 
and pressure to be reduced a bye-pass opens to the air when 
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the drain pipe J, suitable trap valves being provided at k so 
that the pasasge of steam through the drain pipe into such of 
the heaters g as are not in use is prevented. The drain pipe 
is arranged so that it inclines downwardly towards the centre 
of the coach and at its lowest point it is provided with a steam 
trap /. (Accepted 12th September y igoy.) 

Vacuum Brake Apparatus. z^y'^iS, ^th Decemhety 
igo6, H. E. Greshaniy Craven Iron Works y Salfordy Lan- 
caster, 

This apparatus is so constructed that it may be readily ad- 
justed to give either a full application or a rapid graduated 
application of the brakes. For this purpose the valve a, con- 
trolling the supplementary inflow of air, is fitted between two 
chambers or compartments, b, c, formed in a suitable casing. 
The chamber or compartment, 6, serves, when working on the 
graduated system, as a vacuum and balancing chamber, 
whilst c is an air chamber provided with an inwardly opening 
flap valve, dy whereby air is admitted direct from the atmos- 
phere, when the diaphragm valve, a, is opened by a sudden 
inrush of air to the train pipe, e. The diaphragm valve, a, 
has an aperture, /, passing axially through it and a freely fit- 
ting plug OF pin, gy fitted inside the valve casing, so that 
when the diaphr^m valve, a, is on its seat the plug or pin, gy 



almost closes the aperture, /, in the valve, leaving only a small 
area for the passage of air to or from the chamber, fe. The 
vacuum and balancing chamber, h, is also connected, by way 
of the passage, /i, with a pipe or conduit, t, communicating 
directly with the valve fitting of the brake cylinder or with 
the lower side of such cylinder. By means of a suitably 
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arrangfed valve or cock as /, the pipe or conduit, i, may either 
be connected with the chamber, 6, for the direct workinj^, or 
with the bye-pass, /iS for the graduated system of working. 
On the exhaustion of the train pipe, e, by the action of the 
ejector in the usual manner, the vacuum and balancing cham- 
ber, by and the brake cylinder are also exhausted, in the direct 
system of working, past the phig ^; but in the graduated 
system of working, whilst the vacuum and balancing cham- 
ber, b, is exhausted past g^ the brake cylinder is exhausted 
through the bye-pass, /i^ Both the ends of the diaphragm 
valve are thus exposed to the vacuum or reduced pressure, 
whilst within the air chamber, c, the atmosphere acts to close 
the diaphragm valve, a, and also, by pressure on the under 
surface of the diaphragm, k, to open the vahe. The closing 
effect is, however, greater than the opening effect, and hence 
the valve is retained on its seating whilst the vacuum is main- 
tained in the train pipe, e; for a part of the pressure acting on 
the under surface of the diaphragm is borne by the fixed 
casing to which the diaphragm is secured and thus does not 
tend to lift the valve. If now air be admitted to the train pipe, 
e, the pressure imposed on the lower end of the diaphragm 
valve, a, will cause the latter to be lifted from its seating and 
so put the air chamber, c, into communciation with the train 
pipe, e. It follows that the flap valve, J, previously referred 
to, will- be opened by the external pressure, permitting air to 
rush direct through the valve and thence to the brak'^ cylin- 
ders. But the opening of the diaphragm valve produces a 
larger opening between the plug or partial closure piece, ^, 
and the axial* aperture, /, in the diaphragm valve, and air 
therefore rushes into the balancing chamber, /). When the 
valve or cock, ;, in the pipe or conduit, f, allows communica- 
tion between the latter and the chamber, fc, the supplementary 
air passes from b directly to the brake cylinder. But when 
the said valve, ;, shuts off such communication and is in the 
position shown in the drawing, the supp'ementary air can 
obtain access to the brake cylinder only by flowing through 
the bye-pass h^ to the pipe or conduit, i. (Accrpted jrd 
October^ 1907.). 

Ventilators for Railway Carriages. -'/,j7«S. jjth 
Sepiembety igo(\ H. /. Beresfordy Cato Street Works, Cato 
Street, Vauxhall, Birmingham. 

This ventilator comprises an annular frame provided with a 
central boss and a series of overlapping radial flaps 4 mounted 
to turn about radial axes. Arms 10 at the inner ends of the 
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flaps are engaged by a toothed wheel 15 mounted on a central 
spindle 11 having an operating knob 12. When the spindk' 
is turned in either direction the wheel turns the arms and 
opens or closes the flaps. Sprin^^s 17, 18 are arranged to im- 
part a certain amount of stiffness to the movement of the 
spindle 11 and wheel 15 so that the positions of the flaps will 
be unaffected by vibration and they will remain at any desired 



inclination to the face of the ventilator. In another arrange- 
ment the flaps are mounted on vertical pixots 24 operatively 
connected by arms 2U with a notched plate 29 on the spindle 
II. (Aiceped jjth September, jgoy.} 

Block Signal System. 2^,bS(y. j^lh Octobery 191)6, 
The British Thomson-Houstou Co,, Ltd., ^j, Catnuni Street, 
Loudon, (Communicated by The General Electric Co., 
Scheneciiady, i\ew York, U.S.A.). 

One terminal of an electric current generator C is connected 
to a third rail B, and the other to the rails A through a differ- 
ential choke-coil c. High-frequency alternators l)^ !>', of 
different frequencies, supply the signal current through the 
line wires d, d^ and J^. Transformers \i* and K^, etc., supply 
current from these generators to the rails at intervals cor- 
responding to the length of two blcK^ks. .\djacent trans- 
formers H* and K- are connected to line-wires of different fre- 
quency. A small resistance e* may be inserted between the 
track rails and the transformer secondary to reduce the flow 
of power-current ihn^ugh the transformer. Two relays F* 
and V^ are connected across the track rails midway between 
the transformers i^* and \'J. .\ small resistance /* may be 
connected in series with the track-windings of the relays to 
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reduce the flow of power-<*urrent through them. The relays 
are each arranged to respond to only one frecjuency and for 
this purpose each relay is provided with a second winding 
supplied independently of the rails with a current of the fre- 
quency to which the re'ay is to respond. Since the trans- 
formers E^ and V? are separated by a distantx* corresponding 
to the length of two blocks, the portion of track between 
transformer V} and relay 1*'^ comprises one block, and the por- 
tion between relay F^ and transformer Iv comprises another 
block. Consequently one signal (1* is placed near the relays, 
and is controlled by the relay 1'^ The second signal (1- is 
placed near transformer Iv, and is controlled by relay F^. 
Transformer F- supplies the current for two blocks, the re'ay 
V^ being energised by this transformer and controlling the 
signal (P. It will be noted that the transformer F^ which is 
connected to the same line-wires as translormer V} may be 
reversely connected, as shown in the drawing, so as to 
eliminate all possibility of relay I''^ being operated by a 
current from transformer V?, or relay F* being operated from 
transformer FK The ooeration of the system is as follows : — 
If a train is in the position indicated by \\ mo\ ing in the direc- 
tion of the arrow, the rails of the block between transformer 
F'* and relay F* are short-circuited, so that relay F* drops its 
armature, letting signal (1^ go to danger. Relay F^ is not 
affected by a train near the entrance end oi the preceding 
block, since the rails offer a high impedance to the high- 
frequencv alternating current employed, dmsequontly relay 
F^ does not drop its armature until the train H has reached a 
point so near the relay that the rail-length between the relay 
and the train is of sulliciently low impedance to shunt the re- 
lay effectively. This distance depends upon the regulation of 
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the transformer supplying^ the relay, the frequency of the 
signal-current, and the dcsig:n of the relay. By the time 
that the train has reached the relay F^, the relay will he 
shunted, putting the G^ signal at danger. After the train 
has proceeded a certain distance into the next block the relay 
F* will pick up its armature, clearing signal G*, Shortly 
before the train reaches the transformer F^ it will act to pull 
down the voltage supplied by the transformer to the track, so 
as to cause relay F^ to drop its armature and put signal G- at 
danger. Then after the train has passed transformer F^ a 
certain distance, signal G^ will clear. (Accepted I2th Septem- 
ber, /907J. 

Vacuum Brake. 2*^,^16. sth December, igo6. H. 
E. Greshaniy Craven Iron Works, Salford. 
The object of this invention is to prvnide such a combina- 
tion of compound ejector with vacuum brake cylinders as will 
enable the usual automatic ball valves to be dispensed with. 
The continuously working nozzles of the ejector exhaust the 
contents of the pipe d and the upper portions of the brake 
cylinders by way of the port /, chamber g, valve //, chamber 
i and valve ;, and also of the pipe a and the lower portions of 
the brake cylinders by way of the port /, chamber g, valve h 
and chambers i and k. Communication between the cham- 
bers I and k is controlled by the air valve operated by the hand 
lever tn in the usual manner. When it is desired to apply the 
brakes air is admitted to the train pipes a by the air valve 
operated by the hand lever m, and at the same time com- 
munication is cut off between the chambers i and k in the 
usual manner. When it is desired to release the brakes 
quickly after an application of the same, the second set 



supporting a diaphragm made of a sheet or sheets of xylonite 
or celluloid, which diaphragm is adapted to permit the pene- 
tration of the light rays from the side opposite to that on 
which it may be viewed, and presenting a surface to which 
soot or other foreign matter is not readily adherent. The 
diaphragm is preferably composed of two adjacent sheets of 
xylonite or celluloid, one sheet being white and translucent, 
and the other sheet red and transparent, and portions of either 
sheet may be cut away so as to expose to view portions of 
the other sheet, and such cut-away portions of the coloured 
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sheet may represent the usual white patch and any distin- 
guishing letters or numbers required to be exhibited; or a 
composite sheet may be made of coloured and uncoloured 
xylonite or celluloid and used to form such arms, portions 
being cut away from either side to form the desired openings. 



or intermittently working nozzles of the ejector are 
brought into action along with the continuously 
working nozzles and communication is again established 
between the chambers 1 and k. The pipes a and d and 
their connections are then exhausted, by way of the ports 
ti and / and valves o and /?. After the whole system has been 
brought into a vacuous condition, the second set or inter- 
mittently working nozzles are put out of action and the 
vacuum is maintained by the continuously working nozzles. 
(Accepted jgth September, iQoyJ, 

Semaphore Signals. 2i,jij, 26th September, i<)o6, 
]V, Bleakley, 2j, Bainbrigge Road, Headingley, Leeds. 
.A signal arm that does not require to be painted is, according 
to this invention, composed of an open frame citlrying or 



The signal-arm — which may be of the usual shape and which 
may carry the * 'spectacle" — is pivoted and operated in like 
manner to that of the ordinary signal-arm. (Accepted 2()lh 
September, 1907.) 

Draw Gear. 7^877. 4th April, 1907, Date claimed 
under Patents Act, igoi, 12th April, igoO, G. JVestinghouse, 
IVestinghouse Building, Pittsburg, U.S.A. 
This gear comprises a single helical spring secured to the 
vehicle by a casing 1 1 which engages the spring at a point 
intermediate its ends, thus forming two spring sections 9, 10 
which are secured at the free ends to heads or bosses 14, 15 
on opposite ends of the draw bar 16. Any suitable form of 
casing for supporting the spring may be employed, but, as 
shown, this casing 11 comprises a split end portion 13 having 
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formed in the inner surface thereof a helical groove, into 
which the spring is adapted to be screwed, and bolts 12 for 
clamping the same when properly adjusted. The casing also 
has an outwardly flaring portion surrounding the spring sec- 
tion 10 for permitting a certain lateral play of the coup'er, 
and may also be provided with flanges 22, as indicated in 
figr 3 1 for securing the same to the car frame. Hither draft 
or buflfing strains will be transmitted through both sections 
of the spring, subjecting one section to compression and the 
other section to tension, thereby securing double spring 
capacity under either strain. This spring capacity may be 
increased, if desired, by the addition of friction springs 22 
and 24, as shown in f\^. 2, the coils of which are mounted 
between the coils of the draft spring sections 10 and 9, and 
are provided with frictional surfaces adapted to engage the 
surfaces of the coils of the draft spring when the latter is sub- 
ject to compression. According to the construction shown 
in figs. 3 and 4, the draw bar is tubular, having a passage 25 
extending therethrough and connected at its outer end to an 
automatic coupler head 30, having a registering passage ^\ 
leading to the gasket opening 23 in the face of the coupler 
for coupHng a fluid pressure conduit, such as compressed air, 
through a train, a hose 26 being connected at the inner end 
of the draw bar. The automatic coupler head 30 has a latch 
or locking lever 38 pivoted on a vertical shaft 37, and normally 
pressed outward by a spring 39 for engaging a suitable bear- 




ing surface on the outer side of the projecting portion 31 of 
a counterpart coupler after the vertical rib portions 31 have 
slipped past each other, and thereby firmly lock the two 
coupler heads together. An enlarged gathering hood ^2 is 
provided for the purpose of obtaining an automatic engage- 
ment of the two parts of the coupler, even though these are 
laterally somewhat out of alignment, due to track curvature, 
or other reasons, and in order to facilitate the machining of 
the surfaces the coupler head is preferably formed in two 
longitudinal parts 28 and 29, which may be secured together 
by transverse bolts, as indicated. Another advantage of this 
divided arrangement is that, in case of breakage of the hood 
or other part, it is only necessary to renew one half of the 
coupler head. (Accepted jrd October y igoj*) 

Axle Boxes. 2^,288, joth November, jgo6. A. 
Spencer^ 77, Cannon Street, London, 

According to this invention the inner end of the axle box is 
plain or formed without the usual groove or recess for receiving 
the dust shield, and the dust shield comprises a ring of U or 
channel cross section into which extends the plain wall of the 
axle box around the hole therein, and the base of the U or 
channel section ring is furnished on its inner periphery with a 
packing ring of leather or the like that fits around the axle 



journal. The channel shaped ring is built up of two angle 
section meta! rings a and h placed face to face one within 




the other and secured together by ri\ets c passed through the 
two overlapping webs d of the rings. The packing ring e is 
of leather and is fixed to the compound metal ring by the same 
rivets c that secure the two parts of the ring together. 
(Accepted tJth September, ^9<^7') 
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Rail-sanding apparatus for tramw.-iy, railway, 
Mallins. 

1907. 
362. Means for locking and unlocking simultaneously the doors of 
railway carriages; also applicable for Unking and unlocking other doors. 
.Snowden. 

938. Headlights for railway and tramway vehicles. B^iylor. 
I9(KJ. Signals on locomotive engines and the stopping of locomotive 
engines. Harbotlle. 

2*».S3- Electrical apparatus for automatically indicating the fxisiiions 
of trains on railways. Trautmann, n^e .Sprie. 



Stepney 



Railway signalling apparatus. Raven. 
3461. Brake gear for railway wagons and like v«'hicles. 
and Thomson. 

364r). Rail joint, (iodsell. 

5K17. Automatic fog signal alarm controlle*! by disi«mt signal lever 
in the signal cabin. Wootton and Wool ton. 

6576. iXpparalus for warming railway carriages by steam. Wild. 
Chairs for tramway and liko» rails. Strong. 
Draft gear for vehicles. VVestinghouse. 
Buffers of railway wagons and the like. 
I^raw gear for railway and lik." vehicle*,. 
Railway couplings, (iarms. 
Paving for railway crossings, (iross. 
Kleciro-magnetic brakes for railway 



7'45- 
7^77- 

8lo^ 
S92S. 

«)r)05. 

M233- 

io7ot>. 
Braun. 

10919. 

11034. 
Moorhead. 

11812. 

11X^3. 
Wilson. 

139^3- 

14079 



Water and Jones. 
Pe'tigrew. 



and other vehicles. 



" Tying " ihe permanent way rails of railways. Orange, 
Metallic railway cross ties and rail fastenings therefor. 



Wagons or trucks. .Smith. 
Fishplate joint* for railway rails. 



girders, and the like. 



Composite railway ties. Chapman. 

Propulsion of trains, ships, and the like. Felton and GuJl- 
leaume-Lahme>erwerke .Akt, Cies. 

15292. Railway and tramway points, switches and signals. Dodwell. 

1594(1. Rail joints. Shaw. 

104X8. Signalling on railways. Nicholson. 
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The Hon. W. Lowther has resigned the scat which 
he has held for 40 years on the Board of the L. and North 
Western R. 

Mr. John Wm. Wilson, M.P., of the firm of Albright 
and WiJson, chemical manufacturers, Oldbury, near Birming- 
ham, has been elected a director of the Great Western R. to 
fill the vacancy caused by the resignation of Mr. Alex. 
Hubbard. 

Sir W, D. Pearson, Bart, M.P., has been elected a 
director of the Interoceanic R. of* Mexico. 

Mr. Stephen A. Pope, of the general manager's office, 
Great Western R., has been appointed commercial assistant 
to the superintendent of the line. Mr. Pope, among other 
duties, will as heretofore have charge of the Company's pub- 
licity arrangements. 

Mr. Arthur Collinson, who left the North Eastern R. 
to become manager of the Met. District R., has returned to 
his old company and been appointed district superintendent 
at Middlesbrough in succession to Mr. C. A. Lambert, 
who has been appointed district superintendent at Hull in 
succession to Mr. J. Wolton, who some time back was 
appointed district goods manager at Darlington. 



Mr. A. S. Taylor has been appointed district loco- 
motive superintendent of the Midland R. at Carlisle; Mr. T. 
Ryder, at Brecon, and Mr. W. I. Stevens at Buxton. 

Mr. John Wilson, district locomotive superintendent 
of the Great Eastern R. at Lynn has retired after 51 years* 
service on the railway. 

Mr. James Holden, locomotive superintendent of the 
Great Eastern R., retired, as we announced in our issue last 
.September he would do, at the end of the year, and was suc- 
ceeded by his son, Mr. Stephen Dewar Holden, who 
for some time had been assistant locomotive superintendent. 
The directors in their half-yearly report most truly state that 
the shareholders are indebted to him **for 23 years of inde- 
fatigable and most valuable service.*' 

Mr. James R. Annctt retired from the position of chief 
signal superintendent of the L. and South Western R. at 
the end of last year. He is the son of the late Mr. James 
Annett, of the L., Brighton and S.C.R., whose name is known 
all over the world as the inventor of Annett 's lock for con- 
trolling outlying sidings. He joined the L. and South 
Western R. in 1870, was for many years district signal 
superintendent for the central division at Eastleigh,. and 
became chief signal superintendent in 1894, and subsequently 
removed to Wimbledon. He has been very popular amongst 
his fellow-officers and the staff, both of his own and other 
railways. He was one of the earliest members of the Con- 
ference of Railway Companies' Signal Superintendents, and 
was President in 1894. ^^ ^^^ ingeniously solved many 
problems in signalling, and amongst the ideas associated 
with his name are his point rod coupling, wire compensator, 
route lock, screen for blinding the green spectacle, and the 
route indicating signal, all of whic^h have been illustrated 
from time to time in this journal. 

Mr. Arthur H. Johnson, M.I.C.E., has been ap- 
pointed to succeed Mr. .\nnett, and will combine the super- 
vision of the signal department with his former duties as 
telegraph superintendent. Mr. Johnson spent some years in 
America, and was subsequently signal and telegraph engineer 
to the New Zealand Government Rs. He returned to this 
country a few years ago, and entered the service of the 
L. and South Western R., and was appointed telegraph 
superintendent on the retirement of the late Mr. Goldstone. 

Mr. T. A. Wilson, general manager of the Highland 
R., has been appointed chairman of the Scottish General 
Managers' Conference for 1908. 

Mr. Thomas Cairns has been appointed Harbour 
Master of the North British R. Docks at Bo'ness. He has 
acted as deputy harbour master at Methil for about 9 years, 
and has been about 14 years in the service of the company. 

Mr. Geo. Cunningham has retired from the position of 
district superintendent of the western division of the North 
British R. and he was recently, at the Faculty Hall, Glas- 
gow, presented with a cheque enclosed in a silver case by 
Lord Provost Bilsland on behalf of a large number of gentle- 
men representative of the general travelling public of Glas- 
gow and the West of Scotland. 

We regret to record the death on the 4th ultimo, at Stockport, 
at the age of 57, of Mr. Henry Linaker, the highly 
respected superintendent of the L. and North Western R. at 
Manchester and district. 
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Prussian State Railways, 1907. 

The Prussian Minister of Public Works has informed the 
Chamber that the loss on the working of the Prussian State 
railways during 1907 will amount to ;(^5, 000,000. This loss 
is put down to climatic conditions, and especially to the poor 
returns from the new tax on railway tickets. 

Swiss Railways, 1907. 

During 1907 the receipts of the Swiss Federal railways 
amounted to £Sf^^3y^S3i ^r an excess of ^,2yO^(^,hi2 over the 
expenditure. The receipts of the St. Gothard R. during 1907 
were ;^4i3,400 in excess of the expenditure. 

Theatre Cars. 

The first theatre-car was attached to the South Express leav- 
ing Paris on the 20th ultimo. Tlie car consisted of a miniature 
theatre holding an audience of 80 persons, who took their 
seats when taking their railway tickets before starting. The 
French Press welcomes the innovation. It remains to be 
seen whether the idea will prove to be remunerative and 
worthy of beng extended. 

Railway Construction in U.S.A. in 1907. 
There was a slight falling-off in railway construction during 
1907. in the United States. The total length of new lines 
amounted to 5,200 miles, as compared with 5,600 in 1906. 
Nevertheless these figures are in excess of the average for the 
last ten years, for from 1898 to 1907 the average length of 
new lines was 4,880 miles a year. 

New Rolling Stock for Russian Railways. 
The orders for new rolling stock given by the Russian 
Government to the home makers for 1908 are smaller than 
they were for 1907, and even then they were regarded as 
being inadequate. While orders were given last year for 
12,800 cars and trucks and for 729 locomotives, the orders 
for 1908 amount only to 10,500 and 558 respectively. 

Mileage Protected by Signals in America. 
From the annual report of the Interstate Commerce Commis- 
sion for the year ending June 30th, i9o6^the last published 
— it is stated that there are 222,340 route miles of railway in 
America, of which 20,981 consist of two or more lines and 
201,359, or over 90 per cent., are single. According to the 
return annually presented by The Railway Age the mileage 
protected by signals at the end of 1907 was as follows :- - 
Lines, Two or more. Single. 
By Automatic Signals ... ^,770 ... 4,703 

,, Lock-and-Block ... ... 869 ... 2,621 

,, Ordinary Block ... ... 7i7i3 • • 3^»^75 

,, Electrical Train Staff ... — ... 247 

Total 15,352 •• 44»M^^ 

{73'%) (22 %) 

New Dock at Methil, North British R. 
The construction of the new Dock at Methil, authorised by 
the North British Railway Act, 1907, is about to be com- 
menced. The dock will be about 15 acres in extent, with a 
depth of water of 32ft. The work will include protection sea 
walls about 1,700 yards long, and an entrance channel about 
950 yards long. The existing docks owned by the North 
British R. at Methil are 11} acres in extent. 

Wages for Paupers. 

The petition of the Lambeth paupers to be paid wages for 
their work is one which will immediately interest the 
ordinary shareholders of the L. and South Western R. Co., 
as in the event of the proposition, which is seriously sup- 
ported by Socialists, ever fructifying, they, as the largest 
ratepayers in Lambeth, would have to pay the said ** wages ** 
out of their dividends. 



The Leeds Forge Co. 

This Company has opened a London office at Caxton House, 
Westminster, and has appointed Mr. H. Kelway-Bamlw^r, 
whose retirement from the position of carriage and wagon 
superintendent of the Kast Indian R. we noted in our last 
issue, to be their London manager. 



Railway Pictorial Post-Cards. 

The L. and North Western R. Co. have issued six more sets 
(Nos. 49-54) of beautiful coloured picture pixst-cards. Kach 
packet contains six cards and is sold at the low price of 2d. 
Two of the new sets are devoted to Kentish and other South 
Coast Watering Places which are served by the North 
Western through services from the North and Midland dis- 
tricts. Two other very pretty sets illustrate the beauty spots 
of the Warwick district and Shrewsbury, and another set 
(No. 51), devoted to the 2.30 Birmingham 2-hourb Kxpress, 
is somewhat of a novelty in that the cards are joined together 
and when opened out show the complete train. The cards 
tear off at the end of the tender and between each carriage. 
Besides showing the exterior of the carriages in coUnir a small 
view of the interior is also g:\en underneath. Tpwards of 
8 millions of these post-cards have now been sold, and they 
must have provided the Company with a magnificent and 
profitable advertisement. And the complete series not only 
illustrates the progressive growth of railways, but familiarises 
the public with the best scenery and buildings in the country. 

Bordeaux Maritime Exhibition, 1907. 
This Exhibition, which was held in the summer of last year, 
was a great success. It was visited by the Institution of 
Naval Architects for their summer meetings, and there were 
many expressions of satisfaction from the members, '1 he 
list of awards has now been issued, and amongst the success- 
ful exhibitors are Messrs. Wailes, l)ove and Co. (190^)), Ltd., 
of Newcastle-on-Tyne, who have been awarded gold medal 
and diploma for their exhibit of models of ship and iron 
buildings coated with their patent '*Bitumastic'* specialities. 
Messrs. Wailes, Dove and Co. also gained a gold medal at 
the .Milan International Exhibition for the excellence of their 
specialities. 

Ferro-Concrete Railway Bridge Construction. 
Among recent contracts which have been settled for new 
bridges on the Mouchel system of ferro-comrete, one of the 
most important is for a railway bridge designed by Mr. W. 
Armstrong. M.Inst.C.E., New Works Engineer of the Great 
Western R., to carry main line traffic over N'ictoria Street, 
Bristol. .As the first structure authorised in this country for 
such a purpose this bridge is of especial interest. It is also 
interesting to note that in connection with an extension of the 
Great Western R. near Avonmouth Docks a new railway 
bridge, several culverts, and foundations for three bridges, 
all in ferro-concrete, are about to be constructed. 

In Leeds the North Eastern R. are about to build from the 
designs of Mr. W. J. Cudworth, M.Inst.C.E., a ferro-con- 
crete railway bridge, and some viaduct work of similar 
character is under construction in the same citv. 



Trans-Andine Route, South America. 
Cable information has been received from Buenos Ayres to 
the effect that the Trans-Andine Passes are now open for 
coach traffic. The journey between Buenos Ayres and \'al- 
paraiso may therefore be made (entirely by rail except for 
four hours' coach) in about three days from ocean to cxrean. 

Electric Traction on the Midland Railway. 
A TRIAL run was made on the 19th ultimo over the electrified 
section of the Midland R. between Heysham and Torrisholme 
Junction. The trial was quite successful and is interesting 
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mainly because it is the first time that a train has been run 
in this country by the single-phase system. 

** Perfection Glazing." 

Messrs. Helliwrll and Co., Ltd., are supplying their 
patent ** Perfection '* glazing for the new carriage sheds at 
Crewe (L. and N.VV.R.), the passenger station at Millom 
(Furness R.J, and the L.C.C. sub-stations at Islington, Hack- 
ney, Holloway, Upper Clapton and Stockwell. They have 
also a large export order for Brazil. 

Light Railway Orders. 

The Board of Trade have recently confirmed the under- 
mentioned Orders made by the Light Railway Commis- 
sioners : — 

(i) Cromarty and Ditifiwall Lif^ht RailiiHiy (Extension of 
Time, Deviation and Amendment) Order, 1907, reviving the 
powers granted and extending the period limited by the 
Cromarty and Dingwall Light Railway Order, 1902, for the 
compulsory purchase of lands and extending the period 
limited by that Order for the (X)mpletion of the railway and 
works by that Order authorised, and authorising a deviation 
of part of the said railway, and the compulsory purchase of 
certain lands for the purposes of the said railway and works. 
(2) East and West Yorkshire Union Lif:ht Railway 
(Borrowing Powers) Order, 1Q07, authorising the East and 
West Yorkshire I'nion Railways Company to exen ise fur- 
ther borrowing powers. 

Large Morse Chain Drives. 

The Westinghouse Brake Company, of 82, York Road, 
King*s Cross, inform us that they have recently executed an 
order for what is probably the biggest chain power trans- 
mission yet attempted, that is to say, three Morse silent high 
speed rocker-joint drives complete, each to transmit 500 
horse-power. These drives were ordered by an engine works 



in Russia, Government of Moscow, which already had a 280- 
horse-power drive in satisfactory operation. Tlie accom- 
panying illustration gives a good idea of the appearance of 
these large drives, of which the following are further parti- 
culars : Diameter of wheels, 37'78in.; face width. 22in.; 
teeth, 2in. pitch by loin. wide. Two chains running side 
by side over one set of wheels. 

''Socialisation of Railways.'* 

The Labour Party at the Conference at Hull last month 
merged itself with the Socialists and decided that its definite 
object w-as the "socialisation of the means of production, 
distribution and exchange" to be controlled in the "interests 
of the entire community" and the " complete emancipation of 
Labour from the domination of Capitalism and Landlordism." 
One of our financial contemporaries estimates that 
;£:i,6o2,44Q,47() (iovernment 2^ % stock would be required to 
purchase the railways alone, and considers that such an issue 
would create such a financial disturbance that it could not be 



seriously considered by those who really understand such 
matters. No doubt this is perfectly true, but we would point 
out that the resolution passed at the Hull Conference says 
nothing at all about purchase^ and we do not think that paying 
for what is socialised in the "interests of the entire commu- 
nity*' is part of the Socialist's creed. 

Buenos Ayi^s and Rosario Goods Traffic. 
The annexed diagram shows the principal kinds of traflBc and 
the seasons during which the same is carried by the Buenos 
Ayres and Rosario R. The relative sizes of the letters in- 
dicate the relative importance of the traffic at the particular 
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months under which they are printed. The diagram is re- 
duced from a card issued by the Company and giving" useful 
statistics and interesting items of information relating to 
their railway. 

Working Agreement: Caledonian and N. British Rs. 

It was recently officially announced that the negotiations 
between the North British and Caledonian Cos. with refer- 
ence to all classes of competitive traffic in Scotland has re- 
sulted in an agreement being completed under which, while 
the interests of the public are protected by the maintenance of 
efficient services on both systems, the companies will be 
enabled to effect considerable economies in working. The 
agreement, which also provides for the pooling of certain 
competitive traffic, both passenger and goods, and for the 
withdrawal of competitive trains, came into operation on the 
1st of this month (February) and is to continue until 1936. 

it 
"Conciliation in Danger." 

We learn from The Railway Review^ the official organ of the 
A.S.R.S., that conciliation is already in danger; indeed in 
the columns of this journal it has frequently been pointed out 
that the settlement refers only to hours and wages and that 
railway men are free to strike about any other grievance 
whenever they feel so disposed. The particular danger re- 
ferred to arises out of the desire of the management of the L. 
and North Western R. to ascertain whether their staff" wish 
the Co. to pay all the expenses of the new Conciliation 
Hoards. This seemed to be a reasonable proposal and a 
generous off'er, and the only way to find out was by a ballot, 
which, however, acted like the proverbial red rag on Mr. 
Bell, and he indited a somewhat furious letter on the subject 
to the Hoard of Trade. He received a cool and courteous 
reply which informed him that the knowledge must be ob- 
tained, that the Board proposed to ask the question on 
their Ballot Papers, but that ** it must be clearly understood" 
that the Board threw ** no reflection whatever upon the action 
** of the Company, who are now taking a vote of their staff^ 
** upon the subject, and, in fact, consider that an answer to the 
'* question is one which is quite within the province of any 
*' company to request.** Now that the Labour Party has defi- 
nitely declared itself to be the Socialist Party, we are afraid 
* 'Conciliation*' has stormy times in front of it, and Mr. BelPs 
position will become precarious, as it is well known that he is 
not a .Socialist, 
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Brake Van with Ballast Spreading Plough ; Caledonian Railway. 



By the courtesy of Mr. J. F. Mcintosh, M.Inst.C.E., loco- 
motive, carriagfe and wagon superintendent of the Cale- 
donian R., we are able to publish the drawings of the Brake 
Van with a Ballast Spreading Plough, and of which wc gave 
a photographic view and description in our issue for May, 
1907. 

The length over the headstocks is 21ft. «nd over the 
buffers 24ft. 4in. The width over the body 7ft. 5iin. and 
over the plough 8ft. 3in. The wheel-base is gft. and the 
wheels 3ft. 2 in. diam. 

The under framing is built of timber, the sole-bars, head- 
stock and other principal members being i^in. by .sin., joined 
together with strong bent plate knees and through bolts. The 
middle longitudinals arc 3in. by i4in. and there are four 
longitudinal tie rods from headstock to headstock each lin. 
diam. 

The buffer springs and draw gear are carried back under 
the middle of the van clear of the ploughs and their attach- 
ments. 

Each end of the van is fitted with a spreading plough and 
the necessary lifting mechanism, which consists of a screw 



worked by bevel wheels and hand wheels. Long links cofi- 
nert the nut on the screw to the plough, which at its front end 
is guided bv a vertical bar ^^in. diam. fixed by a flange (bored 
to allow the draw-bar to piass through it) to a cross member 
of the under frame and which passes through a casting fixed 
in the angle of the plough as shown. The wings of the 
plough are connected and stiffened by a channel bar and 
angle, and these bars pass through two vertical guides bolted 
to longitudinal members of the under framing. These guides 
are stiflfly stayed with angle-steil brackets and take the 
thrust of the plough when it is spreading the ballast. 

There are two auxiliary lifting screws, one on either side 
of the main lifting gear. ITiese are to take the weight off the 
main gear, and to draw the plough up close under the under 
frame when the plough is not at work. 

The whole length of the van is roofed. The compartment 
for the men is 8ft. hin. by 6ft. 9^in. inside. It is provided 
with box seats along both sides and with a stove, the chimney 
of which is held tight as it passes through the roof by set 
screws, which also secure an air space round it. The outside 
of the van is fully provided with foot-steps and hand-rails. 
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Screws are provided between the underside of the sole-bar 
and the top of the spring-buckle to prevent the end of the van 
dipping: when the plouj^h is in operation. 

The journals are 8 by 4i, and have oil lubrication. 

The weight of the va n complete is 12 t ons 3I cwt. 

Books, Papers and Pamphlets. 

Moving Loads on Railway indcrbrid^is. By Harry Hamiord. 

Whit laker and Co.. London and Nfw York. 

This book consists of seven chapters, four of which are re- 
printed with the illustrations from Engineering, the other 
three being written as an introduction to the remaining 
chapters. 

The three introductory chapters are not easy reading, and 
the wording could have been improved in several cases; for 
instance there is some confusion in the meaning of positive 
and negative bending moments, and the statement that 
ordinary beams **bend concavely upwards" seems doubtful. 
In the ordinary acceptance of words both beams and canti- 
levers bend downwards, whilst the concavity is at the upper 
surface in the beam and at the lower surface in the cantilever. 

We disagree with the statement that where a beam ex- 
tends over a support some distance that *'the resultants of the 
load will pass through the centres" of the length overhanging 
the bearings. This will be the case in a beam of infinite stiff- 
ness, but if a beam deflect at all under load the pressure on 
the abutments must become greater at the face of the abut- 
ment than at the back. 

We learn for the first time that the values of bending 
moments under railway loads are *' usually increased by 24 
per cent, to provide for possible future increase ol the axle 
loads of the type trains." It appears to be a very cursory 
way of disposing of the very debateable point, viz., as to what 
percentage should be allowed for impact, varying loads, 
stresses of alternate senses, proportion of dead to moving 
loading, etc., and which from time to time has given rise to 
much discussion amongst engineers responsible for bridge- 
construction. 

The method adopted by the author for ascertaining the 
bending moments and shears for a system of train loads 
travelling over a bridge is a very old and simple one, and was 



used by the reviewer many years ago. 

The funicular polygon is used, and the position of the load 
which will give the maximum bending moment is only that 
found bv the ordinary text book formula ** the maximum 
bending moment under any load occurs when that load and 
the centre of gravity of the whole series on the span are equi- 
distant from the centre of the span." 

The shear also is found by the ordinary graphic method of 
the closing line of a funicular polygon and a new^ vector 
drawn parallel to this from the pole of the force diagram. 
The method adopted by the author is little better than the old 
method of trial and error, and may take up quite as long a 
time to work out. 

The notation of the diagrams might have been much 
improved if Bow's system of placing letters or figures 
between the loads had been adopted, and the diagrams would 
have been clearer. 

Taken as a whole the book will be of great service to all 
those who have to design girderwork, and the introductory 
chapters especially form a short and fairly clear exposition 
of how to ascertain the stresses both as regards the bending 
and the shear of many types of girders and cantilevers. 

The description of the ascertaining of moving loads 
equivalent to those actually existing where travelling weights 
pass over bridges is well set down, and may save the engineer 
a vast amount of trouble that he would otherwise experience 
if a method of finding such equivalent loading had to be 
worked out ** de novo." 

Why the title ** Railway Underbridges" should have been 
used is not apparent, since the same methods of calculation, 
and in fact the consideration throughout, would apply to 
all bridges and girders where provision has to be made for 
concentrated moving loading. 

The Principles of Railway Stores Managemetit. By William Oke 
Kkmpthorne. London : K. and F. N. Spon, Ltd., 57, Haymarket. 
'New York: Spon and Chamberlain, 123, Liberty Street. 
Whilst this book is based on the experience gained by Mr. 
Kempthorne on Colonial railways yet the views he expresses 
are applicable to the management of the Stores Department 
of any Knglish, Foreign or Colonial railway. It is divided 
into six parts : — Part I., general; part II., the staff; part III., 
the purchase department; part IV., the storekeeping depart- 
ment; part v., the accounting department; part VI., the 
inspection department. These are sub-divided into 26 chap- 
ters and there are two appendices, a list of forms and books, 
and concludes with a good index. The work deals with the 
organisation of a Stores Department together with the duties 
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of the staff and their division and relations to each other, also 
with the lay-out of the necessary buildings, the books and 
forms required. Central and divisional stores arc considered 
and the necessities of the various departments. The pur- 
chase of goods in England by indent is dealt with very fully 
and this part of the work should be exceedingly useful to 
officers in similar positions. That, however, is only one of 
many directions in which guidance and assistance may be 
obtained. The whole subject is dealt with very thoroughly — 
in fact it is done almost too thoroughly, as Mr. Kempthorne 
considers each point, submits the pros and cons when there 
are two sides of the question, advances arguments, then sums 
up the matter and gives the conclusion. 

Bulletin No. 4, Tests of Reinforced Concrete Heams^ has 
recently been issued by the University of Illinois Hngineering 
Experiment Station. The tests described arc a continuation 
of the tests discussed in Bulletin No. 4. The topics investi- 
gated include the effect of quality of concrete upon the 
strength of beams, the effect of repetitive loading upon the 



action of beams, and the resistance of beams to diagonal ten- 
sion failures. The results of the investigation of diagonal 
tension failures throw light upon the amount of the vertical 
shearing stress which may be allowed in reinforced concrete 
beams not having metallic web reinforcement. Th^» re«si.st- 
ance of beams to diagonal tension may be the controlling 
feature of relatixely short beams, and as such failures tx:cur 
suddenly and without much warning a knowledge of the re- 
sistance of the concrete is essential. Some beams gave sur- 
prisingly low values, and it seems evident that the \alues 
allowed by many city building ordinances are higher than 
should be recommended. Tlie tests of concrete columns and 
reinforced concrete columns and of reinforced concrete T- 
beams for I90<j have already been published. 

RKCEIVED. 
Mcvittt: Loads nn Rnilwity ( mit^rhritl/i^t's : includinjf l)i;ifrramN of Brnd- 
inff Mom«»nl> and Shoarinjj Forces and 'I ahl«\s of equivaimt uniform 
I-iw I.oad!». By IHrr^ HwiroHH. M.Sr., .\s«,oi .M.Inst. (*.H. Whit- 
taktr and Co., 2, Whilr llari Sirrrt, P.iiornosCrr Sqiiarf, London, 
K.C, and (>4-(»(», Fifth Avrnuc, Now ^■ork. io«»7. I7X pji. ; J<1 by 
h] ; pricp 4s. (ni. npl.j 



Reserved Saloon; Great 

In our issue of August, 1906, we illustrated a special saloon 
designed by Mr. Bell, carriage and wagon superintendent of 
the Great Indian Peninsula R., and we are now able by that 
gentleman's courtesy to publish the annexed general draw- 
ing of the vehicle. 

These saloons were built for the use of private shooting 
or touring parties who wish to stay at wayside stations. 

The body is 29ft. 4in. long by 9ft. 6in. wide over corner 
pillars and is divided into three compartments. The saloon 
contains two couches or movable seats so arranged that they 
can be used as sleeping berths, and further sleeping accom- 
modation is provided by means of detachable upper berths. 



Indian Peninsular Railway. 

Tlie lavatory compartment is 5ft. long and is fitted with 
a bath, folding lavatory, and w.c. 

The kitchen is the full width of the carriage and is fitted 
with a stove and other necessary ccxiking appliances. Be- 
tween the kitchen and lavatory is a servants' compartment. 

At the saloon end there is a door so that, if required, two 
carriages can be connected by a vestibule gangway. 

The body is carried on a steel under franit* J7ft, 410. over 
headstocks; there is thus 12 in. overhang at each end; there 
is also considerable overhang at each side; this of course 
keeps down the weight of the under frame. 

The wheel-base is 15ft. 
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Roofs.— VI*. 

In this article several cases of roof trusses will be given 
which in some particulars are unique in their design and in 
the treatment necessary for the determination of the stresses 
in the bars. 

The first case is that of a cantilever roof placed against 
a wall or other abutment on the one side and overhanging, 
say, a railway platform too narrow to allow of a row of 
columns being placed to carry the roof. The simple form of 
cantilever roof shown in f\g. 37 does not present any diffi- 

___ H 




Fig- 37. 
culty ; it is only necessary to set down for the stress diagram 
the loads KA, AB, BC and CH, and to commence the diagram 
from the extreme end of the cantilever frame. Here then, for 
a commencement, the load KA is resolved into its components 
KD and AD, parallel to the respective bars in the outline dia- 
gram above. 

For the next joint at x we have already found the stress 
AD, and the load AB being also known, these in combination 
give the resultant, which may be imagined as BD, although 
it is not actually drawn in the diagram. This imaginary resul- 
tant BD is now resolved into the two directions DE and BE, 
and the bars meeting at the joint x are thus determined. 

The next joint y is now to be dealt with, and for this we 
have given the stresses DE and DK, with an imaginary resul- 
tant KE, and this is resolved into KE and EE to complete the 
joint. 

Now consider the joint in where there are already found 
the load BC and the stresses BE and EF. The resultant of 
these three forces may be supposed to be drawn from C to F, 
and this is at once resolved parallel to the bars above into 
the bars FG and CO. The load CH does not affect the truss, 
as it is carried directly upon the rear part of the truss or upon 
the abutment wall. 

There will be a tension outwards at the top of the prin- 
cipal drawing against the wall, and a compression 
inwards at the foot. Taking the top joint m we 
have the stress CG and the load CH with the 
resultant HG, and this may be resolved into the 
horizontal pull HJ and vertical stress GJ again for the bottom 
joint s we have the stresses FG and KF and the upward re- 
action KH, and this again gives the imaginary resultant (JH, 
which may be once more resolved into the two directions (ij 
and JH to complete the diagram. 

•The previous articles of this series appeared in the Railway Engineer as 

follows:-!., May, 1907; II.. July, 1907; III., September, 1907; 

IV., OctoUr, 1907; v., December, 1907. 



When however the above cantilever principal is provided 
with a bracket, from the underside of the tie bar down towards 
the wall or column, as shown in ?ig. 38, several of the stresses 
are very materially altered, and the computation of stresses 
is made more complex in that the bars FG and FJ become 
indeterminate. 

After making the outline diagram of the roof principal the 
loads are set down in the stress diagram as KA, AB, BC, and 
CH, and commencing at the front of the truss, wc have the 
load KA resolved into KD and AD, and then with the load 
AB, and stress AD, with imaginary resultant BD there is no 
difficulty in finding DE and BE. With BE found and BC 
known the resultant CE is obtained, but as this has to be re- 
solved into three directions the problem is indeterminate at 
this juncture. 

Try now the lower joint y at the foot of the vertical EF; 
the stresses DK and DE give the resultant KE, but as this 
has to be resolved into three directions the problem again 
cannot be solved. 




Fig. 38. 

If, however, the bars FG and FJ are supposed to be 
omitted and replaced by the bar shown by a dotted line, the 
resultant CE of the load BC and stress BE can be determined 
into Ea and Ca, and for the lower joint y the stresses KD, DE 
and Ea being known, the resultant being Ka, this is without 
difficulty resolved into ab and bk parallel to the respective bars 
above. 

Turning now to the lower joint y and removing the substi- 
tuted member ab, and replacing the bars F(i and FJ, and 
assuming no alteration in the bar bK, or what is identical, JK, 
we find that we have the incomplete stress diagram bK, ND, 
DE, with resultant Eb, to which there is no other method of 
completing the diagram in the directions EF and JF than by 
dropping a perpendicular from E and drawing a horizontal 
from J until they meet in F", and in fact we have replaced ti.o 
dotted line ab by the full lines EF and FJ, or in other words, 
resolved the resultant aj into the two directions aF and JF. 

With EF thus found, we have now the load BC and the 
stresses BE and EF at the top joint p, with resultant FC, 
which is now resolved into FG and CG. 

Now consider the top joint s ; we have the stress C(t and 
the load CH, with resultant H(i, and this is resolved into GM 
and HM and the diagram of stresses is complete. 

In fig. 39 is shown another variant of the same cantilever 
roof truss with another difference, and that is the alteration 
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of the design of the bracket under the lower part of the truss 
against the wall, and a complexity which leads to the em- 
ployment of two temporary or substituted bars ab and ac 
instead of only one substituted bar as in the last case. 

After drawing the outline diagram of the truss and the 
line of loads as before, we easily find the stresses ND, AD, 

f 




Fig. 39. 
DE, BE, but as the stress EF is unknown there is the same 
difficulty at both the top and bottom of the first vertical as 
previously, that two known forces cannot be transformed 
into three other forces, although the directions are given. At 
this stage then it is necessary to temporarily remove the bars 
FG, FH and HJ, and to substitute for these the dotted line 
bars ab and be. 

This done for the joint d we have the stress BE and the 
load BC known, with the resultant CE, which is transferred 
into Ca and Ea, whilst for the lower joint e we have the known 
stresses ND, DE, Ea, with resultant Na, to resolve into the 
directions ab and bN. 

The next step is to translate the stress in the bar Nb at the 
joint g into the two components be and Nc, and when this is 
accomplished we have for the top wall joint f, the known load 
CK, and the stresses Ca, ab, be, with resultant Kc, to trans- 
form into the two directions KL and cL, which gives the 
point -L. 
* At this juncture we remove the temporary bars and replace 
the original members, and at the same time replace the small 
letter c by the capital letter J in the stress diagram. 

For convenience take the stress in NJ at the joint g as 
unaltered by the replacement of the bars and resolve this into 
\H and JH. Next consider the joint e, where? we have the 
stresses ND, DE, NH forming a resultant Hli:, which may at 
once be resolved into the directions EF and FH. 

For the joint d the load BC and the stresses BE and EF 
already known, the resultant FC is resolved into the direc- 
tions FG and CG. 

As a continuation of the argument, although the diagram 
is by this time perfectly complete, wc can take the condition 
of the joint f, and having the load CK and the stress CG 
known, the resultant KG is found and resolved into GL and 
KL, whilst for the joint L we have given the stresses GF, 



FH, HJ, JL and GL, which aU are shown to balance in 
equilibrium since they are all parallel to their respective bars 
in the truss diagram above. 

It is desirable to check at least one of the values thus 
graphically found, say the pull from the wall at the lop of the 




Fig. 40. 

truss, and the thrust towards it at the bottom (sec fig. 40), 
This can be done by the method of moments taken around the 
point x, and in this case wc shall have for the pull at the top 

(fxh + exj-l-dxk)^m = KL, 
which wiM be accompanied by an equal thrust at the foot of 
the truss. 

The next description of a roof is shown by fig. 41, and is 
that of a roof overhanging on each side a pair of columns, a 
condition sometimes found over a railway station platform, 
where it is necessary to protect with a roof the full width of 
the platform, but where the columns must be kept some dis- 
tance away from the platform edge. 

The outline diagram of the truss is given at the top of 
the figure, and over each purlin is shown graphically the load 
that it is assumed to carry, the loading being intended to 
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provide for wind on one side only, together with the dead load 
uniformly allowed at so much the square foot, the vertical and 
inclined loading being shown by lines drawn to the scale of 
the stress diagram, the two combined on the left-hand side 
for total loading. 

When preparing the accompanying stress diagram, the first 
thing is to lay down the loads J A, etc., to FC in succession, 
and to connect the two extreme ends by a straight line JG 
which gives the resultant of the whole system of loading. To 
discover the values of the reactions of the two points of sup- 
port a funicular polygon must now be drawn, and a closing 
line found as indicated on the outline diagram of the truss. 
From the pole of the vector polygon a line is drawn parallel 
to the closing line above to the point H which divides the two 
reactions JH and HG. 

Now, commencing at the left hand, the load J A is resolved 
into JK and AK, and with AK and AB, resultant KB, the 
stresses KL and BL are found. Again, with stress BL and 
load BC, the resultant LC is found and resolved into LM and 
CM. Proceeding to the right-hand side, the load FG is trans- 
ferred into GQ and FQ, and with stress FQ and load EF, 
resultant EQ, the stresses QP and EP are obtained. Again, 
with EP and DE known, the resultant DP is found, and this 
is resolved into the two directions PO and DO. 

For the central or apex joint we have the stresses CM and 
DO, and the load CD, and it is obvious that the closing line or 
resultant of these is MO, which now has to be resolved into 
the two directions MN and ON to make the stress diagram so 
far complete. 

To obtain the stress on the bar XH, if we take the joint a 
it is at once seen that the stresses JK, KL, LM, MN, have 
been already found, together with the reaction JH, and it only 
requires the line NH to complete the figure. Or, working 
around the joint b we have already GQ, QP, PO, ON, and 
the reaction GH, and the closing line again is NH, proving 
the accuracy of the computation. 

The roof truss indicated in fig. 42 is another case that pre- 
sents some difficulty in the working out of the stress diagram, 
particularly at the joint f , where two forces that may be deter- 
mined have to be resolved into three directions, a condition 
at first sight impossible to determine. 

After making the outline diagram, and setting down the 
line of loads, it is easy to find the stresses AH and GH, since 
it is obvious under this distribution of the loading that the 
line from A to G will be the value of each reaction. 

In the enlarged diagram 1 we have the next step shown, 
which is to find the stress in the bars JK and LM from the 
normal component r of the load BC, when the component 
o in the direction of the back of the principal is assumed 
to travel downwards towards the reaction. 

The enlarged figure 2 gives the stresses from this normal 
component r in the bars y and p, and if in the enlarged figure 3 
the stress already obtained in the bar y be set down together 
with the normal component s of the load AB a resultant is 
found which may be transformed into two directions to find 
the* value of the stress in HJ. If now the stress in HJ be set 
down as in the diagram 4, and resolved in the two directions, 
we have the stresses a and x found, due to HJ, but not neces- 
sarily of the correct values of the actual bars in the trus.s 
itself. That the stresses so found of the bars HJ and JM (a 
equals JM) arc the correct stresses in the truss is seen when 
it is pointed out that it is only due to the loads AB and BC 



that there are any stresses at all in these respective bars, and 
that if the two loads named were removed then the stresses to 
meet the reaction AG would continue up to the ridge on the 
top and the foot of the king rod below without alteration, the 
intermediate bars being without stress at all. 

Returning now to the proper stress diagram, and com- 
mencing at the point H, which has been already found, draw 
HJ produced from H of the length found in diagrams 3 and 4, 
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resofiani 







Stress from HJ 
onfy Nof fh€ h/hofe stress 



Fig. 42. 
also KJ equal to y, and at this stage of procedure we have for 
the joint f the stress AH and the load AB, already known, 
with resultant BH, and if a line is drawn from B parallel to 
the bar BK in the truss until it meets K, just found, then it is 
discovered that the stresses BK, KJ, and JH will be equal to 
the resultant BH already found, and the stresses at joint f 
are completed. 

F'or the next joint g the stresses GH and HJ are known, 
with resultant GJ, and it is only necessary to resolve this into 
JM and MG; whilst for the joint h, the load BC and the stress 
BK being known, the reaction CK is found, which without 
difficulty is resolved into KL and CL in the stress diagram. 

F^or the joint j at the foot of the central rod, it is seen by 
symmetry that the stress in GN will be equal to GM, which 
is already found, and drawing GN parallel to the bar above 
in the outline of the truss, the value of MN is at once found, 
since the three reciprocal lines in the stress diagram must 
then be equal to the stresses in the joint j. To complete the 
figure for the apex or ridge joint it will be necessary to 
assume that one half of the apex load CD or CG travels down- 
wards on this side of the roof, and with CL known the stress 
LM is found, and the diagram of stress for one side of the 
roof truss is complete. 

F-igurc 43 is a stress and reciprocal diagram of the whole 
of the bars in the principal when the wind is blowing on the 



Digitized by 



Google 



48 



The Railway EniJ^lneer. 



February, 1908. 



left side of the roof. The vertical dead loads arc shown as 
acting on the wall plate, each purlin, and the rid^e, whilst the 
normal wind loads are indicated at each of the same points 
on the left side, and the combination of these are set down in 
their proper sequence in the reciprocal diaj^ram below. 

Now that the principle of the construction of the diaj^ram 




has been determined for the preliminary case of the uniformly 
distributed loadings, the making of a corresponding^ diagram 
for irregular loading easily follows, and no further description 
is necessary. It will be noted that the assumption is made 
that both the points of support are fixed in such a manner 
that they can both be assumed to carry inclined loads as well 
as vertical. 

(To be continued.) 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs Whcatley and 
Mackenzie, Chartered Patent Agents, ^o, Chancery Lane, 
VV.C, from whom copies of the specifications can be obtained 
at an uniform price of 8d. each. 

Signalling Apparatus. 7,5^7- ^Sih Marchy UJ07, 
V, L. Raven ^ Alpine Cottage^ Darlington^ Durham. 
This invention is applicable to signalling apparatus wherein 
visual and audible signals upon an engine are operated to 
give^a warning signal when the engine approaches near to a 
line signal or signalling point by the action or influence of a 
track device over or past which the engine then travels, 
whether the line signal be at * 'danger" or not, and is caused 
to indicate "danger" by the continuance of the warning sig- 
nal, or "line clear" respectively, in accordance with the posi- 
tion of the line signal, by the action or influence of another 
track device that is under the control of a signalman and is 
operative for the purpose of indicating ''danger" or "line 
clear" only when the means for actuating the line signals are 
in the positions corresponding thereto. According to the pre- 
sent invention there is provided on the engine in conjunction 
with the signalling apparatus signal recording apparatus so 
arranged as to come into action when the signalling appara- 



tus is brought into operation and make a record of such 
operation, and to be put out of action when the signalling 
apparatus is put out of operation. The recording apparatus 
may comprise a record sheet or tap<*, means for moving the 
same forward, and a recording device, such as a pc*n, pencil, 
or equivalent arranged to cause an indication to be made on 
the record sheet or tape only \shen and whilst the signalling 
apparatus is in operation. The record sheet may be mounted 
(m a carrier 1,^^^ arranged to be driven automatically by .suit- 
able means, such as clockwork i^o, and to be started and 
stopped by a device under the control of an clcctro-magnct 
141 that is itself controlled by current passing through the 
circuit including the electro-magnetic mechanism u.sed for 
bringing the visual and audible signalling devices into opera- 
tion, whilst the recording device 140 may be brought into 
action by the movement of same mechanism, the arrangement 
being such that when the visual and audible signalling devices 




are brought into operation to notify the fact that the engine, 
fitted with the apparatus, is near to a distant signalling 
point, the record carrier will be set in motion and the record- 
ing device will be brought into the operative position and 
produce a record, and when the signalling devices are put 
out of operation the recording device \Nill be moved into 
the inoperative position and the record carrier stopped. 
(Accepted J4th October^ ^9^7-) 

Wagons. j<S',56tS'. lOth August, ii)('7. G, B. HuwleSy 
J7, Avenue Road, Forest Ciate, l.ondon. 
This invention relates to wagons that are convertible at will 
from flat bottom to self-discharging hopper wagons. The 
floor is formed of two flat metal plates 1, strengthened by 
angle irons, and adapted to rest horizontally on the under- 
frame 2 closing the discharge opening 2*, or to be raised into 
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the inclined positions shown by chains 3 passing over pulleys 
4 to a windinj^ shaft. Kxtendinj^ across and suitably sus- 
pended from the lower side of the wajjon underframe 2 and 
l)e!()W the discharge opening 2* is a discharge hopper 15 
arranged centrally with respect tc the abutting ends of the 
plates I. The opening at the bottom of this hopper is 
normally closed by a sliding and tilting door 16, that is 
adapted to be partly opened in a longitudinal direction by 
hand-operated mechanism ih* and to be afterwards caused 
to automatically tilt into its fully open position by the weight 
thereon of the contents of the hopper to allow of the discharge 
of such contents, after which it will automatically assume its 
horizontal position and can be closed by hand. (Accepted 
ijth October, igoy,) 

Couplings for Steam Train-Pipes, 25,4,7a. uth 
Xovenibert igo6. F, W, Marillier^ ** Deva,** Wcstlecott 
Road; .S*. atid G, H, Pearson^ The Veronfiefj^ Westlecott 
Roady Sunndon, Wilis, 

According to this invention a pipe connection is provided for 
conveying steam for heating trains, which is applicable to 
carriages which arc to be slipped with a view to retaining the 
heat in the slip carriage and in the carriages of the train 



9, attached to the spindle 10, supported by the springs 11 
which ser\e to bring the brush back to its normal, or vertical, 
position. When the collecting brush enters upon a section of 
the line provided with a central rail, should the engine be 
passing over the **distant" signal section and the signal be 
at **danger" the circuit is formed through the coil 34, and 
thence through the red lamp 35, the contacts 21 and 22, and 
the metal work of the engine and track rails, to earth. Should 
the '^distant" signal be at *'linc clear" the circuit will be 
formed through the coil 3O, and the gieen lamp 37, and 
thence through the contacts 21 and 22, to earth. The current 
in passing through the coil of the electromagnet 34 attracts 



when slipped without adding to the duties of the slip carriage 
attendant. The connection comprises an adapted coupling 
constituted by two halves each consisting of a half coupling 
a of the standard heating type and a half coupling b of the 
*'\Vcstinghouse" type provided with a valve b* adapted to be 
opened on coupling and to close automatically on parting. 
(Accepted 10th October, igoj,) 

Signalling Apparatus. 19*37^- 30th August, 1906. 
A, C. Bounevialle, 181, Queen Victoria Street, Loudon, 
This invention is an improvement on a prior patent, No. 
i3>932*^» f^r electrical signalling apparatus arranged to in- 
dicate to the driver of a locomotive the position of the ordinary 
signals, and to put him in electrical communication with the 
signalman. For this purpose a thiid rail having two conduct- 
ing surfaces insulated from each other is placed in electrical 
conimunication with the signal-box and with the cab of the 
locomotive by a collecting brush carried on the locomotive. 
The shoe 2 of the brush is constructed with a transverse rock- 
ing lever 3 pivotted at its centre 4 and carrying at each end 
one of the contact pieces 5 which are insulated from each 
other and from the shoe 2. Each shoe is carried by two ver- 
tical arms 6 pivotted at each end 7 so as to ensure parallel 
movement thereof and maintain the contact pieces 5 in a 
horiaontal position. The vertical arms 6 have each a pro- 
jecting arm 8 to which are connected flexible rods, or cables, 



the armature 38 and moves the flag indicator 39 from behind 
a cover, or shutter, exposing it to view, indicating thereby 
that the **distant'* signal was at **danger" when passed, the 
flag being retained in this position by the catch 40. Fig. 5 
shows the **distant*' signal as having been taken off whilst 
the locomotive is passing over the section, the act of taking 
off the signal causing, at the same time, the circuit to be 
changed from the electromagnet 34 and lamp 35 to the 
electromagnet 36 and lamp 27 1 whereby the armature 41 has 
been attracted and has caused the semaphore, 42 to be 
lowered, where it is locked in position by the catch 40. On 
arriving at the **home*' section should the signal be at 
'^danger" the circuit is completed through the red lamp 43 
to the electromagnet 44, which will cause the armature 45 to 
be attracted, releasing the catches 40, thereby allowing the 
**distant" signals to assume their normal positions, namely 
'* danger." Should the "home" signal be at "line clear" the 
circuit will be completed through the electromagnet 46, the 
green lamp 47 and the release magnet 44, thereby causing 
the armature 48 to be attracted, lowering the semaphore 49, 
and by means of the release coil 44 releasing the catches 40. 
When the armature 48 is attracted by the electromagnet 46 
it forms connection with the contact 50 and closes a local cir- 
cuit to the bell 51, the leads B — B connecting it to the battery. 
When a telephone is provided on the indicating boards it is 
carried on a hook switch 32 which cuts the lamp and sema- 
phore out of circuit by opening the contacts 21 and 22, and 
closes the telephone circuit by the contacts 2;^, 24, 25 and 26, 
when the telephone 31 is removed from the hook. (Accepted 
30th October, 1907.) 

Steam and Vacuum Brake Valve Mechanism. 
27,717. 5th December, igo6, H, E, Gresham, Craven Iron 
Works, Saljord, Lancaster. 

In order to prevent when desired the operation of the steam 
valve when there is air in the train pipe a catch capable of 
automatic or positive release is arranged in conjunction with 
the hand-controlled lever of the air admission valve. The 
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catch b is mounted on the rotatable flat face a of the valve 
casing. Upon the pivoted arm or lever c which passes 
through the ends of the steam valve spindle d and of the rod 
e of the piston e^ arranged in a cylinder / communicating with 
the train pipe g is fitted a pin h or its equivalent in such a 
position with respect to the catch b that when the latter is 
put into engagement with the pin the steam valve i\ which 
has a piston like extension I'S can pass no steam to the steam 
brake cylinders, but is allowed a slight movement with re- 
spect to its seat. The pin h and catch b will be held firmly 
in engagement, whilst air is in the train pipe, by reason of 
the steam acting through the steam valve spindle d on the 
lever c. When, however, a partial vacuum is produced in 
the train pipe g the piston e^ will be moved so as to hold the 
pivoted arm or lever c and through it the steam valve i in 
their innermost and closed positions respectively, which per- 
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mits the catch b to disengage itself by its own weight. 
Should, however, the catch b not disengage itself for any 
reason, it will be caused to do so when the hand control lever 
; is moved so as to admit air to the train pipe for the applica- 
tion of the brakes; for the rotatable face a of the air valve 
in its movement with the control lever / carries the catch b out 
of engagement with the pin h. The rise of pressure in the 
train pipe, by its balancing effect on the piston c^ will now 
permit the steam to open the valve t and thence to pass by 
way of the pipe ? to the steam brake cylinder. When a 
partial vacuum is again produced in the train pipe the piston 
e^ will move the arm c to close the steam valve i and the catch 
b can then, when desired, be placed by hand in its operative 
position. The closing of the steam valve automatically puts 
the pipe f into communication with exhaust for releasing 
the steam brakes. (Accepted 10th October^ ^907-) 

Electrical Signal Operating Apparatus. 5,54^- 
yth March, ^9^7- Siemens Bros, and Co., Ltd,, u, Queen 
Anne*s Gate, Westminster, and L, M, G, Ferreira, 10 j, Elm- 
bourne Road, Upper Tooting, Surrey, 

The semaphore arm a is connected with a rack b gearing 
with a pinion c fixed to the shaft d. The latter is carried in 
a bearing formed in the casing e and has keyed to its inner 
end a worm wheel /. An electric motor g is pivoted at or 
near its centre of gravity in a cradle h fixed to the casing e. 
The shaft i of this motor is carried at its free end in a bearing 
formed in a rod k near the end thereof, and has on it a worm 
/ adapted to gear with the worm wheel /. In the construc- 
tion shown the rod k constitutes part of the armature / of an 
electromagnet m fixed to the casing; it is obvious, however, 
that the connection between the rod and the armature may be 
any which will cause them to move together in the desired 
manner. To a support fixed to the casing, preferably to a 
bracket n on the magnet m, is pivoted a pawl o, the tail of 
which rests on or is linked to the end of the rod k, while the 
other end is adapted to engage the worm wheel / if necessary 
under pressure of spring p. The bracket n may also serve 



as a thrust block for the end of the shaft 1. In the normal 
position, shown in fig. 2, the pawl o is in engagement with 
the worm wheel /, so that the signal arm is locked in th<' 
danger position. The magnet m being without current the 
armature / is not attracted, and either by its weight or under 
pressure of spring p keeps the motor g tilted on its pivots so 
that the worm / is out of gear with worm wheel I, When 
the signal is to be lowered a current, which may be a separate 
detection or control current, or a shunt from the motor cir- 
cuit, is supplied to energise the magnet m and the motor is 
started, the necessary circuits being completed in any knoun 
manner. The armature / being thus attracted, the pawl o is 




brought out of engagement with worm wheel / and worm / is 
brought into gear with the said wheel so that the latter is 
immediately revolved in the direction indicated by the arrow 
in fig. 2 and the signal arm is lowered, the position of the 
parts then being that shown in fi^;, 1. The motor is now 
automatically switched off, and as long as the magnet m re- 
mains energised the worm wheel / and therefore the signal 
arm remain locked by the stationary worm /. When the 
control current is cut off the armature leaves the magnet and 
brings the worm ; out of gear, whereupon the signal arm im- 
mediately returns to danger under influence ol its couter- 
weight and pawl o locks it in that position. (Accepted 24th 
October, 1907,) 

Fasteners for Carriage Doors. jt,tiot, jrd October, 
1906. W. L. Gorst, Wynfield, Lathom, Ormskirk, Lancaster, 
According to this invention, the fastening comprises two 
parts, namely, the handle c and snack or catch (/' operated by 
it, and a locking part e, operating in connection with same, 
and which is actuated by a separate device from within, and 
without. ITiis locking device e is operated from within the 
carriage by a knob /, and outside the door by a handle gy 
which can be operated by porters or others on the platform, 
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so that when the door is fastened by the ordinary fastening it 
can be unlocked and relieved by this handle, as well as by the 
device within the carriage. The two handles c and h a:c 
mounted upon the main spindle /i, and in connection with 
same there is provided a partial disc or wheel i which, in the 
case shown, is on the underside of the handle c itself, and 
which is revolved by the handles when turned; and this partial 
disc I has in its periphery an aperture »S while below it the 
lock mechanism e is disposed, which comprises a locking bolt 
k which, when the main handles are actuated so as to fasten 
the door, is moved outwards automatically, and into engage- 
ment with the recess or aperture t'S so locking the main 
fastening and handles of the door; whiitst when moved in the 
other direction it withdraws this bolt k from the partial disc 
I, and so allows the main fastening d' to be worked. The 
movement of the locking bolt k into engagement with the 
partial disc i is only possible when the main fastener is closed. 
To open the door from within, two actions have to be per- 
formed when the main fastener d^ is locked by the bolt fe, 
namely, first of all the main fastener has to be r.i. locked by 
withdrawing the bolt k from the partial disc «, which can be 
done by pressing down the push device /, which, by the 
cranks /, fi turns the key m, thereby drawing down the bolt k 
out of the recess i^. The main fastening handle c can then 
be turned in the usual way, and the door unfastened and 
opened. The bolt k is normally pressed up by the spring q. 
Hence the action of opening a carriage door which has been 
locked by the lock e is not effected by simply turning the 
single handle c, which exists on the inside; and so the likeli- 
hood of the door being opened by people playing with the 
handle or turning it inadvertently is very much reduced. 
(Accepted 3rd October, ^9^7 >} 

Rail Joints. 21,37$. 27^ /i September, jgo6. IV, 
Marriott, The Grange, Brinton^ Melton Constable, Norfolk, 
The fish plate is so constructed as to form a bridge or arch 
joint supported at each end by the chairs or sleepers and sup- 
ports the extremities of each rail independently. At each end 
of the fish plate A there is a foot B which rests upon the 
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nearest chair C, which is provided with an extended portion 
D for the purpose, or the extended portion I) may be a 
separate plate secured to the sleeper. If desired the foot B 
may be extended throughout the length of the fish plate so 
that it can be rolled instead of stamped in being manufactured 
(Acceped 27th September, igo7,) 

Interlocking Points and Signals, 248. 4th January 
1907. P. Smart, Hill Street, Lady bank, Fife, N.B. 
In connection with the facing points A the usual locking bolt 
B is provided. When the bolt B is being shot it encounters 
and pushes before it a projection L on a rod M passing at one 
end through a supporting block N and connected at its other 
end to one arm of the bell-crank lever P centred in the four- 
foot way. To the other arm of the lever P there is connected 
one end of a second rod Q extending transversely to the side 
of the line where the various signal rods or wires are carried 
The outer end of this rod Q is flattened and acts as a detector 
sliding in a groove formed for it in a supporting chair or 
block R, through which also passes a rod S for operating the 



home signal. When the projection L and the rod M has 
been moved endwise the bell-crank lever P is so moved that 
the detector slide Q is also pulled endwise. An aperture T 
in the end of the detector slide is then put in such a position 
that when the home signal lever is actuated a detector bolt 
U carried by the home signal rod S passes freely through 
the aperture T and the home signal. is lowered. In the event, 
however, of the facing point locking bolt B or its connec- 
tions being so damaged that the bolt has not been made to 
travel in order to lock the points, these are then unlocked 
though thrown. In this position of the parts it is impossible 
for the signalman to lower the home signal, as the detector 
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slide Q has not been moved and its unperforated portion pre- 
vents the end on movement of the detector bolt U and conse- 
quently of the rod S actuating the home signal. If, how- 
ever, the parts have worked correctly and the home signal has 
been lowered, when it is raised again and the facing point 
locking bolt B is being withdrawn a projection W on the 
actuating rod D carrying the bolt so acts on a projection X 
on the bell-crank lever P as to return that lever and the parts 
connected therewith to the desired position in which the 
detector slide Q prevents the lowering of the home signal. 
{Accepted J7th October, 7907.) 

Wagons. 2j,77g, 2sth October, /906. C. //. Fox, 
Alderman* s House, Bishopsgate, London, 
In order to prevent the breaking away of the .stanchions and 
stops used for supporting the hinged sides and doors of 
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wagons, the stanchions a or stops are connected to the wagon 
underframes by pin and slot connections e, f, which allow 
them to be moved vertically out of their rockets c and turned 
out of the way. (Acceped 26th September, 1907.) 
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Points and Signals. i8g8. 25//1 January, igoj. JV. 
Taylor, of Taylor Bros,, Midland Foundry, Sandiacre, Derby, 
The detectors A A' of the sig^ials are arranged to pass 
through guides G G^ in bearings B B* and through a slot 
B^ in a helical element or screw C mounted to slide in the 
bearing frame B B^ A nut N is threaded on the screw C. 
The nut N is threaded and is rendered incapable of recipro- 
cation, being supported in and between the bearing brackets 
B B* in such a manner that it is capable of being rotated about 
one-quarter of a revolution when the screw C is drawn or 
forced through it, this element being rendered incapable of 
rotation by the tongue piece O sliding in a slot in bearing 
B^ The nut N is formed with an arm M, which is attached 
by the connecting rods H H to the switch or point rails R R. 
The helical element C is actuated by connecting rods E R* 
and E* and bell-crank levers F F* from the signal-box or 
elsewhere; and the signal detectors A A^ are each also 
actuated from the signal-box or elsewhere by the connecting 
rods K K^ and bell-crank levers L U. The signals or sema- 
phores are actuated by connecting rods O O^ attached to the 
bell-crank levers L L\ and the lifting bar P of the switch is 
actuated by rod T attached to one arm of the bell-crank lever 
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F. If a train be moving in the direction of the arrow to- 
wards the switch R R so as to run into the road VV, this 
switch must be quite closed— as shown by fig. i — before the 
* 'line-clear** signal at end of rod O* can be given, by reason 
of the fact that before this signal can be given the detector 
A^ attached to same must pass through the slot D^ in the 
helical element C which is locked thereby. And further, from 
this it will be seen that the switch R R cannot be moved from 
the position shown by fig. i until the detector A* is with- 
drawn from the slot D* in the helical element C, when the 
signal attached to rod O^ will be caused to be set to ** at 
danger.** Further, when it is desired to pass a train moving 
in the direction of the arrow^ shown in fig. i into the other 
road Y the detector A* must be withdrawn from the slot in 
the helical element C, and both signals attached to rods O O^ 
set to **at danger** before the helical element C can be moved 
in its bearings from right to left; so that the twisted portion 
of the element from J to J^ (fig. 3) will slide in the nut \, 
and thus cause same to partially rotate and throw the switch 
over into the opposite position to that shown by fig. i, so as 
to open the switch to the road Y. When this is done the 
detector A can be passed into the slot in the helical element C, 



and the signal attached to rod K becomes set to "line-clear*' 
so as to allow the train or the like to pass through the switch 
to the road W It will be seen that the switch R R cannot 
be moved while the signal is **off'* or in the * Mine-clear** posi- 
tion, and that it is necessary that both detectors .\ .A* must 
be withdrawn from helical element C and the signals set **at 
danger*' or **on** before the signalman can move the switch. 
(Accepted tjth October, /907.) 

Semaphores. 6S12, 21st March, njoj. J. .1. Panton, 42, 
Ashdale Road, Ji'aterloo, Lancaster, 

The arm shown in ^\:^, i carries in addition to the colourc! 
spectacles two lamps B C of the straight filament type which 
are contained in semi-circular reflector cases O, the headings 
\\ of which contain the circuit wi^es. The positive lead of the 
upper lamp B is led to the metallic contact piece i\, whilst 
the positive lead of the lower lamp C is led to the contact 
piece H. The fixed contacts I and J are attached to the post 
K in such a position that when the arm is raised the red lamp 
B is illumir: ted by the contact (f engaging the contact I, and 
and when t* l' arm is lowered the green lamp C is illuminated 
by the contact H engaging the contact J. In order to limit 
the two positions of the arm A without shock or jar, which 
might be detrimental to the lamp filaments, the contact pieces 
Vt H are arranged to engage with the plungers L of spring 
buffers M on the post K. The arm illustrated in figs. 2 — 5 
is arranged to reverse its faces when raised or lowered. For 
this purpose the spectacle casting is made in two pieces, \ O, 
the arm A being bolted to the piece O. Formed integrally 
with the casting O is the trunnion P, which is joumalled in 
the casting N and plate O. Keyed on the trunnion P is the 
bevel pinion R, which meshes with the rack S upon the post 
K. Consequently as the arm A is raised or lowered the pinion 
R rotates on the rack S and so the arm is reversed, as indi- 
cated in dotted lines in fig. 2. The lamps B and C are 




attached on opposite faces of the arm \, The positive lead 
of the red lamp B is led to the contact piece (1, whilst the 
positive lead of the green lamp C is led to the contact piece 
H, these contacts being attached in an insulated manner to 
the casting O. The contacts (i H on the arm A engage with 
fixAl contac^ts I J on the post respectively. The contacts 
I J possess some elasticity and consequently serve to arrest 
the movements of the arm A without shock. (Accepted 
ijth October^ '9<^7-) 
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COMPLETE SPECIFICATIONS ACCEPTED. 

iqo6. 

15«J43. Brakes for tramways and railways. Pringle. 

'937^' Electric sij^nalling^ apparatus for use on and in connection 
with railway loconit)tive i^n^ines and the like. Bounevaille. 

22514. Railway Rolling: Stock. Canto. 

22t)22. Apparatus used for lighting railway carriages with compressed 
gas. Ilaigh. 

23516. Railway signalling apparatus. Lake. 

24(184. .Steam superheaters for locomotives and the like. Schwabach. 

24902. Means for securing railway rails. .St. wart and Richards. 

254J0. Pipe connections for conveying steatn for heating ra'lway 
trains. Marillier and I'earson. 

2(>X5S. Operating treadles for railways. Bousfield. 

2'jyi'j. Steam and vacuum brake m chani^m for trains and 
vehicles, (iresham. 

2S1H4. Safety holder fur keys in railway i hairs. Webb. 

2S27S. Automatic block signalling systems for railways. Sayers. 

2S202. Device f(.r r)bviating the rattle in the sash windows of rail- 
w.iy carriages and the like. McNaught. 

2S440. Means for preventing derailing of railway vehicles or loco- 
motives. Krimer and Constad. 

2S<>2t). Means for providing trains with automatic signals. Maynard. 

2<)204. Railway and like signalling systems and apparatus therefor. 
British Thomson-II«)uslon Co. 

1907. 
Interlocking devices for railway facing points and signals. 



248. 
Smart. 

3«3. 
StofTrls. 
865. 
1430. 



Elrctrically ccntrolled point or switch mechanism for railways. 

Electro-magnetic brakes for railway and like vehicles. Schaake. 
Brakes for railway vehicles. MacPherson. 



'455' Condensation system applicable to locomotives. Gadda and 
Beluzzo. 

i8q8. Appliances for operating points and signals on railways and 
tramways and for other purposes. Taylor. 

204S. Brakes for railway and like vehicles. Simpson. 

3768. Brake apparatus for railway wagons and other similar 

vehicles. Parrott. 

3925. Devices for catching and holding up the handles of railway 
wagon and like brakes. Simpson. 

5251. Mechanism for operating the discharging doors of railway 

wagons. Morgan and Metropolitan Amalgamated Railway Co. 

5548. Apparatus for electrically operating and controlling semaphore 

signals. Siemens Bros, and Co. and Ferreria. 

5661. Couplings for railway vehicles. Thomas. 

(>8i2. Railway signal semaphores. Panton. 

7527. Railway signalling apparatus. Rav?n. 

8278. Spark arrester. Liechty. 

9097. .Automatic railway coupling. Wolf and Pfander. 

9439. Semaphore signals. Abernethy and Weiss. 

10344. Automatic railway and the like couplings. Ulbrich. 

109 16. Sleepers and means for attaching railway rails thereto. Beal. 

'3035* Ri*i^ joints. Wolhaupter. 

138 16. Fastening and unfastening of doors of railway wagons and 
like vehicles. Bowles. 

13828. Automatic fluid-pressure brakes for railway and like vehicles. 
Turner. 

15464. Manufacture of axle guards for railway carriages, wagons 
and like vehicles. Bamber. 

15929. Rail joints. Fenn. 

16479. Device for automatically locking doors of railway cars whilst 

the train travels. Mittmann. 

18568. Railway wagons and like vehicles. Bowles. 



The Locomotive from Cleaning to Driving.— XIII.* 

By 

John Williams, Locomotive Inspector Great Central 7?., and 

Jas. T. Hodgson, Mechanical Superintendent ScJiool of 

Technologyy Manchester, 

[NOTE. — Owing to some of the illustrations not being ready it was impos- 
sible to continue the subject of Brakes in this issue, but we shall do 
so in our next. — E J. R. E. ] 

Speed Indicators. 
Notwithstanding the hig^h decree of proficiency with which 
an experienced driver may instinctively estimate the speed at 
which his engfine is travellings, it is indisputable that the use 
of a reliable automatic .speed indicator or recorder would tend 
to eliminate the fallib'e human factor, and thus reduce the 
fisks of derailment or other accidents caused by excessive 
speed when passings throug^h points and crossings or round 
.sharp curves, etc. It is also obvious that the means of 
accurately estimating the rate of movement during the hours 
of darkness or fog, for instance, are far less reliable than 
when daylight or clear atmospheric conditions prevail. If, 
therefore, the driver could assure himself as to the rate 
at which he was travelling by simply referring to a speed 
indicator he would be enabled to run with greater confidence 
and at the same time devote the whole of his attention to the 
look out for signals, etc., ahead. 

In France the (Government has decided that Tachographs 
(recording speed indicators) are essential for the safety of 
railway passengers, and have in consequence ordered all 
French railway companies to equip every passenger engine 
with such instruments within a stated period. 

The speed indicator and recorder (Flaman^s patent), fig. 
37, is now adopted on the State and principal private railways 
in France. The mechanism of the Tachograph is contained 
in an iron box hermetically sealed and placed inside the cab 
in full view of the driver. 

A semi-circular scale graduated in miles per hour is fitted 
in the upper portion of the instrument, the speed being indi- 
cated by a pointer connected to the recording mechanism, and 
the speed limit allowed is denoted by a movable pointer, which 
may be set from the outside of the cise. 

•Copyright. No. I. of this series appeared in February, 1907; No. II. in 
March, 1907; No. III. in April, 1907; No. 1\'. in May, 1907; No. V. in 
June, 1907; No. \'I. in July, 1907; No. Vll. in August, 1907; No. VIII. 
in September, 1907; No. IX. in October, 1907; No. X. in November, 
i<)o7 ; No. XI. in I)er«'mber, 1007; No. Xll. in January, 191)8. 



The pointer on the small circular time dial is arranged to 
make one complete revolution every ten minutes, and the face 
is sub-divided into forty divisions, each of which, therefore, 
correspond to fifteen seconds. 

The paper on which the speeds are marked is made to un- 
wind from the spools at a rate of movement exactly propor- 
tionate to the distance covered on the rail, and the time is 



Fig- 37. 

also simultaneously recorded on the upper portion of the speed 
chart, thus giving in addition to the speed the location and 
duration of any stops that may be made. 
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Figs. 38 and 39 represent a front view and a sectional 
plan of the Tachograph, showing the general arrangement of 
gears, with the parts tabulated as indicated by the reference 
letters on the drawing. 



I' — Spiral cam actuated by clockwork for r^'gistering the tinieii. 

V — Time-recording style actuated by cam I'. 

X'-Paper band for receiving speeds, limes, distances and stop dura- 
lions. 

V — Driving barrel for paper band the needle points of which per- 
forate the paper at intervals corresponding to i kilometri*. 

W- Hand-key for winding up clock. 

W— Automatic clock winder operat^d by the movement of the loco- 
motive. 

The instrument may be mounted on any type of locomotive 
without modification and is shown in fig. 40 as fixed with 
a transmi.ssion gear composed of a single set of bevel pinions. 



F'g. 39. 

A — Main driving spindle of tac iiograph. 

H — Mscapemont shaft of tIcKkwork. 

C- Driving cam for pawl. 

D— Driving pawl of ratchet wheel measuring ^peods. 

K — Ratchet wheel measuring speeds. 

F— Slud on wheel K. 

Z— Fixed sop determining position of ratchet wheel at rest against 
the stud F. 

(j — Stop-pawl of I att het K. 

H — Cam to ungear the pawl D of the ratchet E at end of periods of 
speed-measure. 

I — Lever actuated by cam H to ungear the pawl D. 

J — Indicator hand of tachometer. 

K — Ratchet wheel transmitting to hand J the angular displacement 
of ratchet E. 

E — Stud on lower face of ratchet K serving to determine its angular 
position against the stud F of wheel E. 

M — .Stop-pawl of ratchet wheel K. 

N — Cam actuating stop-pawl M of ratchet K. 

O — Cam actuating stop-pawl C of rachet E. 

P — Lever for gearing the pawl I) with the whr'el E at commencement 
of each period of time. 

Q — Cam actuating lever P. 

R — Tooth sector solid with hand J. 

S — Rack transforming circular movement of speed hand into a ver- 
tical motion of which the ordinates are proportional to speeds. 

T — Speed-rcrording style. 
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Fig. 40. 



Drivers' Duties (continued). 
In looking ahead to see that the section is clear a strict watch 
should he maintained on the opposite running line, in order 
that it may be properly protected according to rule should any 
obstruction or fault be .seen. Th<* driv<'r should al.so look 
back from time to time, especially when passing through junc- 
tions or curves, etc., to .see that the train is fo'lowing intact. 
When shunted across the road or into a siding with a train 
the driver should take notice that he has not been backed 
again on the same line by the signalman inadvertently failing 
to remove the points, and when re-crossing the road it should 
be seen that the train has been turned on the proper running 
line. 

Various details affecting the cleanliness of the engine will 
be gradually acquired; the number of black patches on the 
boiler, for instance, will be greatly reduced by avoiding the 
use of the large ejector (unless ab.solutely necessary) when 
standing or passing under bridges. By measuring his water 
from time to time, noticing the quantities of coal consumed, 
taking into consideration the geography of the rotid, number 
of vehicles on the train, and the condition of his engine, the 
driver will .s(M)n be able to form a fairly accurate idea as to 
the distance he can travel with a given amount of water and 
coal. 
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The methods of procedure when starting^ away with a pas- 
senj^er or other train, manipulation of the brakes when run- 
ning down a falling gradient, and regulation of speed when 
entering a terminus, etc., have already been described else- 
where. 

The engine should be returned to the shed with the fire as 
low as possible, so that it may be dropped if necessary after 
a proper supply of coal, water, and sand has been obtained. 
The boiler should also be filled before the fire is dropped, so 
that the cooling process may be gradual, thereby reducing the 
chances of damage by sudden or violent contraction. 

Anything of an unsatisfactory nature that may have been 
observed in the running of the engine during the journey 
should be at once seen to. If the engine has been steaming 
badly, for example, the smoke-box should be inspected for 
leaky joints and the pipes tested by admitting steam. If all 
joints are found tight and the brick arch is in good condition 
a faulty piston may be causing the trouble. This is often in- 
dicated by the tube ends in the fire-box becoming choked with 
dirt, and if any doubt occurs the pistons should be at once 
tested. 

If the beats of the engine have been very irre^Jfular, or a 
constant blow up the chimney observed, and there is the least 
suspicion that something is wrong with the admission or ex- 
haustion of steam to and from the cylinder the valves should 
also be tested. The following is a simple method whereby 
the tests for faulty valves or pistons may be carried out. 

First place right-hand crank on top centre with th<* re- 
versing lever in full forward gear, brake hard on, and cylinder 
drain cocks open. With crank and lever in this position 
steam will be admitted to the back end of the cylinder when 
the regulator is opened. If the piston rings are leaky or 
broken, steam will be discharged from both drain cocks, but 
if the rings are good and tight, steam will issue from the back 
drain cock only. To make sure, the lev^r may be placed in 
mid gear when the valve will be in its middle position with 
both steam ports closed, and the drain cocks should therefore 
be free from steam. Then place the lever in full backward 
gear, thus admitting steam to the front end of cylinder and 
through the front drain cock only if the piston rings are in 
good condition. If a blow from the drain cocks is observed 
with the lever in mid gear it may be taken for granted that 
the valve is faulty or the va've lap broken. The end of the 
cylinder from which the steam issues will denote whether it 
is the front or back valve lap that is damaged. If a small 
piece only is broken from the lap the constant blow will be 
observed when running in full fore or full, back gear, but will 
disappear entirely when notched up to near mid gear. 

With the crank on top centre it will be seen that the valve 
always travels in the same direction as the reversing lever 
and that steam is admitted to the front end of the cylinder with 
the lever in full back gear, and back end of cylinder with lever 
in full fore gear. If, however, the piston is tested with crank 
on bottom centre the reverse takes place, and the valve will 
travel in the opposite direction to the reversing lever. In this 
case steam will be admitted to front end of cylinder with lever 
in full fore gear or back end of cylinder with lever in full back 
gear, and the steam from the drain ccx:ks must be noted 
accordingly. These tests may, of course, be carried out with 
the cranks in different positions to those here given, but the 
foregoing is quoted as a very simple and effective method 
whereby each engine may be tested separately. 

Erratic or constant blows up the chimney may also be 
given from other causes than those already mentioned. A 
strained or broken valve spindle or buckle, for instance, may 
give either an erratic or a continuous blow, as by the adjust- 
ment of the valve being altered, the valve held from its face, 
or a steam port continuously open, according to the nature 
of the failure. The shifting of an eccentric or a break in the 
division between the steam and exhaust ports will also give 
an erratic beat. In the latter case a heavy blow will be gi\en 
up the blast pipe when the damaged port is opened to steam 
by the valve. A broken valve cavity would give a continuous 



blow up the blast pipe immediately the regulator was opened. 
These last failures are, however, of rare occurrence, and a 
broken valve cavity would completely disable the engine by 
the great loss of steam, and assistance would therefore have 
to be obtained as provided for in the rules 

To locate a faulty beat or blow it is essential that the 
driver should possess a knowledge of the relative crank and 
valve f>ositions. In accordance with the usual method of set- 
ting and for simplicity the writers have hitherto strictly 
adhered to the relative positions of valves with cranks on 
centres. 

Since, however, examiners may require a candidate to 
have some knowledge of relative positions with cranks on 
angles, it is important that the rising driver should be familiar 
with valve events, in these difierent positions, in order to be 
prepared for the passing of his examination. 

FORE MID BACK 




Ralkfey Engine$i' 
Fig. 41. 

The diagrams, figs. 41 and 42, should therefore be of 
assistance in the acquisition of the necessary information as 
to the relative positions of cranks, valves and side rods with 
Stephenson's link motion on both centres and angles, for 
engines with either right or left-hand leading cranks. 

Fig. 41 gives relative positions on centres and angles for 
an engine with right-hatid crank leading;, 

(\) R. and L.H. big ends on top and back centres respec- 
tively, with lever in fore ^eat. Both front ports open to 
exhaust, with R.H. back port open to steam and L.H. back 
port, by amount of lead only. 
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In mid gear^ the R.H. front and back ports arc closed, 
since the valve is in middle position, with L. H. front port open 
to exhaust and the back port to steam by amount of lead only. 

In hack gear^ the R.H. back and L.H. front ports arc open 
to exhaust, with R.H. front open to steam and L.H. back by 
amount of lead only. 

(2) R. and L.H. bigf ends on top front and top back ang^les 
respectively with lever in fore gear — R. and L.H. front ports 
open to exhaust; R.H, back port closed and L.H. back open 
to steam. 

In mid gear^ the R.H. front and L.H. back steaming 
edgfes of valves and ports are about in line, with R.H. back 
and L.H. front open to exhaust. 

In hack geary both back |>orts are open to exhaust, with 
R.H. front open to steam and L.H. front port closed. 

(3) R. and L.H. big ends on front and top centres respec- 
tively with lever in fore gear. The L.H. back and R.H. front 
ports open to steam, the latter by amount of lead only, with 
R.H. back and L.H. front ports open to exhaust. 

In mid gear^ the L.H. front and back ports are closed since 
the valve is in middle position, with R.H. front port open to 
steam, by amount of lead only and back port open to exhaust. 

In hack gear^ both back ports are open to exhaust and 
both front ports open to steam, the R.H. by amount of lead 
only. 

(4) R. and L.H. big ends on bottom front and top front 
angles respectively, with lever in fore gear. The R.H. back 
and L.H. front ports open to exhaust, with R.H. front open 
to steam and L.H. back port closed. 

In mid gear^ both front steaming edges of valves and ports 
are about in line, with both back ports open to exhaust. 

In back geary the R.H. front and L.H. back ports are 
open to exhaust, with L.H. front open to steam and R.H. 
back port closed. 

(5) R. and L.H. big ends on bottom and front centres 
respectively, with lever in fore gear. Both back ports open 
to exhaust and front ports open to steam, L.H. by amount of 
lead only. 

In mid gear, the R.H. front and back ports are closed 
since valve is in middle position, with L.H. back port open to 
exhaust and front to steam by amount of lead only. 

In back gear, the R.H. front and L.H. back ports are open 
to exhaust, with R.H. back port open to steam and L.H. 
front by amount of lead only. 

(6) R. and L. H. big ends on back and front bottom angles 
respectively, with lever in fore gear. Both back ports are 
open to exhaust, with L.H, front open to steam and R.H. 
front port closed. 

In mid gear, the R.H. back and L.H. front steaming 
edges of valves and ports are about in line, with R.H. front 
and L.H. back ports open to exhaust. 

In back gear, both front ports are open to exhaust, with 
R.H. back open to steam and L.H. back port closed. 

(7) R. and L.H. big ends on back and bottom centres 
respectively, with lever in fore gear, R.H. front and L.H. 
back ports open to exhaust, with L.H. front open to steam, 
and R.H. back by amount of lead only. 

In mid gear, the L.H. front and back ports are closed since 
the valve is in middle position, with R.H. front open to ex- 
haust and back port to steam by amount of lead only. 

In back gear, both front ports are open to exhaust with 
back ports to steam, R.H. by amount of lead only. 

(8) R. and L.H. big ends on top and bottom back angles 
respectively, with lever in fore gear. R.H. front and L.H. 
back ports open to exhaust, with R.H. back open to steam 
and L.H. front port closed. 

In mid gear, both back steaming edges of valves and ports 
are about in line, with both front ports open to exhaust. 

In back gear, the R.H. back and L.H. front ports open 



to exhaust, with L.H. back open to steam and R.H front 
port closed. 

Fig. 42 gives relative positions of cranks, valves and side 
rods for an engine w ith left-hand crank leading. 
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Fig. 42. 

(1) L. and R.H. big ends on top and back centres respec- 
tively, with lever in fore gear. Both front ports op<'n to ex- 
haust and back ports open to steam, R.H. by amount of lead 
only. 

In mid gear, the L.H. front and back ports are closed since 
the valve is in middle position, with R.H. front port open to 
exhaust and the back to steam, by amount of lead only. 

In back gear, the L.H. back and R.H. front ports are open 
to exhaust, with L.H. front open to steam and R.H. back by 
amount of lead only. 

(2) L. and R.H. big ends on top front and top back angles 
respectively, with lever in fore gear. Both front ports open 
to exhaust, with R.H. back open to steam and L.H. back port 
closed. 

In mid gear, the L.H. front and R.H. back steaming 
edges of valves and ports are about in line, with L.H. back 
and R.H. front ports open to exhaust. 

In hack gear, both back ports are open to exhaust, with 
L.H. front open to steam and R.H. front port cS)sed. 

(3) L. and R.H. big ends on front and top centres respec- 
tively, with lever in fore gear. The L. IL back and R.H. 
front ports open to exhaust, with R.H. back open to steam 
and L.H. front by amount of lead only. 
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In mid ^car, the R.H. front and back ports arc closed 
since the valve is in middle position, with L.H. back open to 
exhaust and front port open to steam by amount of lead only. 

(4) L. and R. H. h\g ends on bottom and top front angles 
respectively, with lever in fore gear. The L.H. back and 
R.H. front ports open to exhaust, with L.H. front open to 
steam and R.H. back port closed. 

In mid gear, both front steaming ed^^es of valves and ports 
are about in line and back ports open to exhaust. 

In back gear, L.H. front and R.H. back ports open to ex- 
haust, with R.H. front port open to steam and L.H. back 
port closed. 

(5) L. and R.H. bi^ ends on bottom and front centres 
respectively, with 'ever in fore gear. Both back ports open 
to exhaust, and front ports to steam R.H. by amount ot lead 
only. 

In mid gear, the L.H. front and back ports are closed 
since the valve is in middle position, with R.H. back open to 
exhaust and front port to steam by amount of lead only. 

In back gear, the L.H. front and R.H. back ports are 
open to exhaust, with L.H. back open to steam and R.H. 
front by amount of lead only. 

(()) L. and R.H. bij^^ ends on bottom back and bottom 
front anjjles respectively, with lever in fore gear. Both back 
ports are open to exhaust, with R.H. front open to steam and 
L.H. back port closed. 

In mid gear^ the L.H. back and R.H. front steaminj^ edf^es 
of valves and ports are about in line, with L.H. front and 
R.H. biick ports open to exhaust. 

In back gear, both front ports are open to exhaust, with 
L.H. back open to steam and R.H. back port closed. 

(7) L. and R. H. bi^^ ends on back and bottom centres 
respectivelv, with lever in fore gear. L.H. front and R.H. 
back ports open to exhaust, with R.H. front open to steam 
and L.H. back by amount of lead only. 

In mid gear, the R.H. front and back ports are closed 
since the valve is in middle position, with L.H. front open to 
exhaust and back port open to steam by amount of lead only. 

In back gear, both front ports are open to exhaust and 
back ports to steam, L.H. by amount of lead only. 

(8) L. and R.H. bi^ ends on top and bottom back an^^^les 
respectively, with lever in fore gear, L.H. front and R.H. 
back ports open to exhaust, with L.H. back open to steam 
and R.H. front port closed. 

In mid gear, both back steaming edges of valves and ports 
arc about in line, w ith front ports open to exhaust. 

In back gear, the L.H, back and R.H. front ports open 
to exhaust, with R.H. back open to steam and L.H. front port 
closed. 

Assuming that nothing unusual has been observed during 
the journey, and a supply of coal and water obtained, the 
engine should be placed over a pit with the right-hand crank 
on the bottom centre, brake hard on, cylinder drain cocks 
open, and a lever in mid gear for a thorough and systematic 
examination. Ilie driver should then leave the footplate on 
his own side and pass round the engine and tender with his 
right hand nearest the motion work. All tyres should be 
sounded with the hand hammer, and side rods, axle boxes, 
springs, brake hangers, shackles, etc., closely inspected. 
I'assing underneath the brake and sanding gear, big and little 
ends, axles, eccentrics, straps, and rods, slide bar bolts, and 
glands, etc., should be closely examined. Pass under ash- 
pan to inspect damper rods, and brake gear under footplate, 
etc., and see that the hose connections are uncoupled in frosty 
weather. 

The cranks should afterwards be moved to the top posi- 
tion, f.e., equidistant from the top centre, so that the big ends, 
etc., will be well out of the way when raking out the ashes. 
Any defect, however trifling, should be carefully noted and 
entered in the repair bfX)k. Reports as to loss of time, the 
state of the road, etc., are most effective when to the point, 
and will be more fully appreciated by the head of the depart- 
ment when clearly and concisely written. 
(To be continued.) 



The Hayden Locomotive Stoker. 

The Hayden stoker differs from other mechanical stokers in 
being provided with a conveyor which delivers the coal from 
the tender to the hopper at the fire door, and instead of 
having mechanical plungers for forcing the coal into the 
firebox this work is done by means of a steam jet. The 
accompanying illustrations will serve to show the mechanical 
arrangement of this stoker and of the conveyor. The stoker 
proper consists of a narrow shelf which is bolted in the fire- 
box even with the bottom of the door opening, and this 
receives and supports the column of coal. The fire door that 
is substituted for the old door is constructed with a chute 
leading to it and is hinged on the flame in the usual manner. 
Above the chute is a hopper to receive the coal, and this is 
bolted to the boiler head. The hopper leads directly into the 
chute, but no solid connection is made, and the fire door can 
be opened and closed in the usual manner. In the lower 
portion of the hopper is a slide which may be opened and 
I'losed so that the fuel supply may be cut off in case it is 
desired to fire by hand. A blast pipe consisting of a series of 
jets is placed in the bottom of the fire door opening, which 
is just behind the shelf, and they are directed in such a 
manner as to thtow the fuel to all parts of the grate. Each 
jet is provided with'a valve so that the flow of steam through 
it may be regulated independently of the flow through other 
jets. These valves are mounted on a manifold which is con- 
nected by a pipe to the blast valves. The globe valve placed 




Hayden Locomotive Stoker. 

in this pipe controls the force of the blast as a whole. An 
instantaneous opening and closing of the blast is required, 
and the blast valves are constructed for this purpose. They 
consist of a main valve and an auxiliary valve and the proper 
ports combined in a casing so that a slight movement of the 
auxiliary operates the main valve instantaneously through its 
full movement. The main valve has a differential piston, the 
large head being above and connected to a small head below. 
The auxiliary valve is connected to a bell crank lever and an 
adjustable trip finger carried on a revolving disc rocks the 
lever on its pivot, thereby opening the auxiliary valve. A 
spring in compression connects the lever and auxiliary valve 
and holds it normally in a closed position. The disc carrying 
the trip finger is revolved by a small engine, which may be 
throttled to give the desired speed for the number of blasts 
required. 

The conveyor is placed between the bulk heads of the 
tank with the lower part flush with the bottom of the coal 
space, and is constructed with a series of buckets mounted 
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on an endless chain and surrounded by a casing. The travel 
on the buckets lifts the coal vertically and pumps it in a 
horizontal trough that extends forward to the hopper on the 
boiler head and high enough to clear the fireman. In this 
trough a spiral conveys the coal to the hopper. The coal 
inlet at the bottom of the vertical conveyor is covered by a 
grate having an opening three inches square, and the coal is 
raked into these openings. The conveyor is driven by a 
small steam engine which is conveniently mounted on the 
tender and is controlled by a throttle valve located on the 
engine. The operation of the stoker is as follows : The coal 
being fed into the hopper from the conveyor falls by gravity 
through the chute in the door and rests in a pile upon the 
shelf in front of the jets. The size of the pile of coal on the 
shelf is determined by the position of the plate at the mouth 



Derailments at a Diamond Croseing 

It may be remembered that early in the morning of March 
12th, 1906, a derailment tix)k phce at Stafford on the L. and 
North Western R. at a diamond crossing, and Col. Yorke in 
his report on the accident (Nailuuiy Engineer, October, 190(1, 
p. 331, Vol. XWTl.) said that * 'appliances have, from time 
to time, been tried to abolish the risk and to render such 
crossings safe. Of such, the best-known are (i) diamond 
point protectors, which have been used with, I believe, satis- 
factory results in a few places, and (2) moveable diamonds or 
switch diamonds, which are common enough in America and 
are in use to a limited extent in England.'* 

The diamond point protector referred to in the Board of 
Trade report is evidently that made by Henry Williams, Ltd., 
and which is in use on eight or ten railways, particularly on 
the (ilasgow and South Western R. — there are 16 in St. 
Enoch's Station alone — and on the northern division of the 
Xorth Eastern R. After trying one for some time in Liver- 
pool Street Station the Great Eastern R. have recently put 
several down in that vard. 



View of Conveyor on Tender. 

of the chute. The coal being fed continuously through the 
hopper and chute forms an air seal and preserves a draft in 
the furnace. The jet valves are throttled so that when the 
blast operates the fuel is thrown to all parts of the furnace 
and scattered freely over the fire. The globe valve in the 
main steam pipe is set so as to give the proper force to the 
blast as a whole according to the draft of the furnace. Steam 
under pressure is supplied to the nozzles by the operation of 
the blast valves. The trip finger operates the auxiliary valves 
by means of the bell crank, which is adjustable, so that this 
valve may be held open for a varying period of time, thus 
controlling the duration of the blast. If a furnace has two fire 
doors the blast is admitted alternately and a duplex blast 
valve is arranged for this type of furnace, the bell cranks 
being operated alternately by the trip finger. This allows a 
portion of the fire to remain in an incandescent state while 
fresh fuel is supplied to the other part of the furnace, and the 
alternating firing in this way reduces the amount of smoke 
from the stack. The stoker at one door can be entirely dis- 
continued in order to clean the fire, while that at the other 
door continues in operation. This stoker has been in success- 
ful operation for nearly a year on a consolidation engine 
having cylinders 22 by 32, driving wheels 62 inches, tractive 
power 49,960 pounds, total heating surface 3,358 square feet, 
grate 104 inches long and 75 inches wide, giving an area of 
54 square feet. The tender has a capacity of 6,800 gallons of 
v/ater and 14 tons of coal. 

At the recent meeting of the travelling engineers in 
Chicago this stoker was reported as operating very satisfac- 
torily by representatives of the Erie road. The N. S. Hayden 
Manufacturing Company, of Columbus, O., which has spent 
a large amount of money in experimental work connected 
with this stoker, deserves the thanks of the railroads for its 
persistent effort in developing a successful mechanical stoker 
for locomotives. — The Railway Age. 



Fig. I. 

A photographic view of the Williams protectors is given 
in fig. I and a diagram in fig, 2. It will be seen that in the 
gap between the wing-rails and the point of the crossing 
there are wedges, a a^ h b^. Of these, a and h^ are coupled 
tc^ether and a^ and b, but they are each connected differently, 
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as a rises when }r falls, and consequently a and a^ are up 
tog^ether and b and b- similarly. Each pair are operated by 
the rocker shaft, c, which is connected to the point roddin^ 
operating' the switches. As seen in fi^. 2, the road is set for 
a train to travel from the upper left-hand corner to the lower 
rig^ht-hand, or vice versa, and therefore wedges a and a^ are 
both raised so as to keep the flanf^es of the wheels in line. 
When the road is set between the lower left-hand and the 
upper ri^^ht-hand the wed^>^es /) and b^ arc raised and a and 
/i' lowered. The pressure of the wheels comes on the sides of 




the wedges and not on the tops and it is transmitted to the 
wing^-rails. 

Fij»:. 3 shows a diamond crossing — or double slip switch 
with moveable frogs^— as laid down in America. It is shown 
connected to an electro-pneumatic signalling frame and pro- 
vided with locking bars. 

At \1ctoria Station, L.. Brighton and S.C.R.. there are 
fixed in the outlet from the carriage sidings some of the Sykes 



and Howard's patent diamond crossing. These are illus- 
trated by fig. 4. The switches c and c^ work together and d 
and J^ and all four are shifted by one rod from the signal- 
box. Abutment rails k k k k are provided and fixed in chairs 
in the usual way, and against these the moveable switches 
bear, and consequently the gauge is rigidly maintained. 

It is necessary to equip both sets of switches with facing 
point locks and locking bars if they be fixed in a running line. 
The arrangement is manufactured by the VV. R. Sykes Signal 
Interlocking Co. 

The Manufacture and Upkeep of Milling Cutters.* 

Bv 

Dr. H. T. AsHTOx, of hoyal Small Arms Factory, 
Enfield Lock. 
ALTHoi'dH the system of manufacture of milling cutters de- 
tailed in this paper is suitable for general application, it has 
been developed more particularly to meet the difficulties of 
extending the use of high-speed steel to milling cutters of 
complicated shape, required when cutting to give an accurate 
finish and a good surface. It is believed that these difficulties 
have been commonly met with, and that owing to them the 
general introduction of high-speed steels of the Taylor-White 
class has, so far, generally proved of less benefit to engineers 
for milling cutters than for any other form of cutting tool used 
in engineering workshops. 

Perhaps the advantages to be obtained by the use of high- 
speed steels for such cutters are also not so obvious as they 
are for the heavy lathe or planer tools, where the almost red- 
hot chips, that they can be made to produce, appeal to the 
least observant onlooker. When, however, it is considered 
that this class of steel not only has the property of keeping a 

*Read before the Insliuition of Mechanical Engineers 
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cutting^ edge for a reasonable time when taking very heavy 
cuts at a previously unattainable speed, but also keeps its cut- 
ting edge when used with a moderate cut and speed for a far 
longer period than was previously obtainable, its advantages, 
if applicable to complicated milling cutters, are clearly just as 
great as for the simpler tools taking the heavy cuts. For, 
although the nature of the work upon which the cut is 
taken and the finish required from the cut may not a'low, in 
the case of the milling cutter, any great increase of speed or 
feed by the use of high-speed steel, and consequently little 
direct saving upon the timf* occupied in dong the work, as 
in the cases of the other classes of tools, yet an equally im- 
portant saving is effected upon the cost of supply of the tools 
themselves. The milling cutter is the most expensive of all 
the tools used by engineers in cutting metals. In the simplest 
milling cutter the cost of workmanship so largely exceeds the 
cost of material that a moderate increase of life obtained by 
improvements in the raw material far outweighs a consider- 
able increase in its original cost, provided that there is suffi- 
cient work in sight for the cutter to ensure its being fully em- 
ployed for its maximum possible life. Perhaps it is this 
ruling condition which has led to somewhat less attention 
being paid to the application of these steels to milling cutters 
in general engineering workshops than to other cutting tools. 
For in these, with the exception of a few simple cutters 
generally useful for roughing out or for finishing simple 
profiles likely to recur, it has perhaps generally been more 
economical to make the cutters from ordinary qualities of tool 
steel, or even in some cases from case-hardened mild steel; 
hence the preparation of an elaborate milling cutter from 
high-speed steel has not received quite the same general at- 
tention as the preparation of other cutting tools of maximum 
endurance. 

The case, however, is different in a number of workshops 
where the interchangeable parts of many classes of apparatus 
and fittings depend very largely upon the use of formed mill- 
ing cutters, and where the accuracy of the work so produced 
is directly dependent upon the accuracy with which the form 
of the cutter can be maintained for a prolonged period. It is 
desirable also that the cutters should have as long a life as 
possible in actual service, not only to minimise the first cost 
and upkeep, but also to keep the output of the machines as 
continuous as possible, by reason of freedom from delays in 
changing the cutters, l^ese points depend chiefly upon : — 
(i) The quality of steel from which they are made; (2) the 
method of hardening adopted; (3) the care and accuracy with 
which the new cutters are made; (4) the facility and correct- 
ness with which the cutters can be ground up when they have 
become dull or lost their accuracy. 

(i) The Steel used, — There is, of course, nothing to com- 
pare with the recently developed high-speed steels as a 
material for cutters which are required to work at a high cut- 
ting speed and have the maximum possible life; and no diffi- 
culty is now experienced in obtaining work with a sufficiently 
satisfactory finish, provided care is exercised in the grinding 
and finish of the cutters, in the manner which will be 
described, and also if the cutting speeds and feeds are suit- 
ably arranged. Any of the best-known makes of this class 
of steel can be used in conjunction with the system to be 
described. 

The milling cutters are annealed, packed in spent pow- 
dered charcoal and steel turnings in cast-iron pans with covers 
which are luted down. These are placed in the annealing 
furnace first thing in a morning and are gradually heated up 
to 700° C. to 750"^ C. ; this heat is usually 1 cached by 1 o'clock 
and is maintained until about 5 o'clock, when the dampers are 
closed and the furnace is allowed to cool gradually for forty- 
eight hours. It is found that some makes of high-speed steel 
are satisfactorily annealed by the makers, but it is not the 
universal practice. Annealing in this manner is found to 
give thoroughly satisfactory results. 

(2) Method of Hardening, — The furnace used for harden- 
ing cutters is shown in fig. i, and it has been found specially 
adapted for obtaining a soaking heat, together with the high 



temperature necessary in treating this class of steel and free- 
dom from oxidation. The furnace is coke fired and has a 
forced draught, and temperatures up to -',300 F. can be 
obtained. 

In using the furnace the cutt^ rs are packed close'v in 
powdered charcoal in sheet steel bf»xes about ()ins. by ^lins. by 
3ins. These boxes take from jj to 3 hours to reach the 
necessary hardening temperature, tlie lime taken varying with 
the weight of metal to be heated. The hardening tempera- 
ture varies somewhat according to -the cla.ss of st<el being 
used, but may be said to be I.elween j,ooo F. and 2,100" F. 
The exact temperature necessary for satisfactorily hardening 
any particular class of steel is previously determined in the 
laboratory by exact experiments, and the temperatures 
obtained in the furnace are checked by means of a Fery Radia- 
tion Pyrometer. This pyrometer is itself tested against a 
standardised Callendar pyrometer, and ha^ so far been lound 
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Fiy. I. 
llie cutters when sufficiently heated are quickly removed 
from the charcoal in which they have been packed, and are 
at once placed upon the hardening table. This table is of a 
type frequently used in workshops for heating ttnils by gas. 
but when used for hardening cutters air only is supplied 
through the two nozzles. These can be moved as required 
about vertical pivots so as to cause the air-blast to impinge 
upon the periphery of the cutters at any requin^d points and 
simultaneously upon the vanes of the spindle upon which the 
cutter is placed, causing the whole arrangement to rotate and 
thus equalising the cooling and hardening effect. The air 
delivered upon the cutter is drawn from an o'd culvert which 
passes under the floor of the workshop and through which a 
stream of wat<T continually flows; hence at all times of the y<*ar 
a supply of cold damp air of maximum cooling effect is avail- 
able. The temperatures used in hardening are such that the 
edges of the cutters are a' most fused, and although 
different makes of steel have been found to vary somewhat 
in this respect, the general statennnt remains true of all of 
them. At the same time it is found that this fusing effect for 
a given heat is considerably minimised by the method of heat- 
ing in closed boxes as compared with the ordinary method of 
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heatingf tools, either in a muffle or in a direct gas-flame, and 
even the scaHng:, which with the latter systems is frequently 
very marked, is with the method now described so slight that 
the cutters can be wholly freed from scale by placing momen- 
tarily under a revolving scratch brush. 

All difficulties as regards the expansion of the hole through 
the cutters in hardening arc met initially, leaving the bore 
slightly smaller than is ultimately required — on the average 
about 00 1 inch less than the finished diameter; the expansion 
is usually about 0*003 inch to 0005 inch, the average 
diameter of the mandril being i inch. After hardening, the 
milling cutters are first chucked truly with the outside 
diameter in a self-centring chuck, and the internal bore is 
ground up truly to the finished diameter. After this the 
hardened cutters arc chucked upon mandrils and the teeth 
are finished upon the special machines to be described. 

(3) Forming Cutler Teeth. — Accuracy of form of the 
cutters is secured, both when being cut in the first place and 
also subsequently reformed, by turning the blanks and milling 
out the teeth in the ordinary manner, and then backing them 
off in a machine in which the blank to be formed is carried on 
a dividing head, so that one tooth at a time can be presented 
to a small milling cutter. This is mounted upon a cutter 
spindle driven by a pulley, from which cat-gut cord runs 
through an overhead gear, allowing the spindle to be moved 
within the necessary limits. The small cutter spindle-frame 
forms part of a system of adjustable pantograph links, so 
that its movement is an exact reproduction in miniature of 
the movement of the tracing pin upon a former fixed in front 
of the machine. The operator, by means of a handle, moves 
a pin lightly along the former, and consequently also moves 
the cutter over the tops of the teeth lo a similar but smaller 
shape. The small cutter is enlarged in diameter towards one 
end, so that it cuts away the back of each tooth upon the 
cutter to the necessary extent. Commonly a conical backing- 
olT cutter is used, the angle of the cone being 20° and the set- 
ting being such as to give an angle of relief of 10*^, that is, 
the axis of the cone is at right angles to the radial face of the 
tooth being backed off. It will be seen that this characteristic 
enables the machine to produce teeth of any form, upon a 
cutter backed off in every direction from the cutting edge, so 
that a clean cut can be taken with the sides as well as with the 
tops of the teeth. 

In the case of those milling cutters in which grinding back 
the faces of the teeth so backc*d off might cause serious in- 
accuracy, owing to its throwing back the radial cutting edges 
of the teeth, the cutters are built up of annular sections which 
are either clutched together or clamped together upon plain 
faces, from which, after a particular grinding or series of 
grinding operations, the same amount is ground off as that 
by which the radial cutting edge has receded. Where the 
edges of the teeth are parallel or nearly parallel to the axis 
of the cutter the profile is of course not appreciably affected 
by grinding back the faces of the teeth. A further means of 
avoiding such errors is also to b*^ found in grinding the tops 
of the teeth in the manner subsequently described. 

As it is found advantageous, in order to obtain a fine 
finish, to use helical teeth upon milling cutters, a fitting con- 
sisting of a sleeve with spiral .slot can be mounted on the 
same spindle as the milling cutter. A pin on a hinged arm 
centred above the backing-off cutter spindle is arranged to 
slide in the slot in this sleeve so that, as the frame carrying 
the copy and the cutter spindle is moved backwards and for- 
wards along the axis of the cutter being backed off, the hclicai 
teeth are maintained in correct relation to the backing-off 
cutter; while at the same time they are backed off to the 
correct profile. Theoretically, of course, in such cases the 
axis of the cutter being operated upon could be inclined to 
the axis of the backing-off cutter spindle at an angle equal to 
that of the spiral of the cutter being produced, but in actual 
practice it is found that this adjustment is very seldom neces- 
sary, as the cone angle of the backing-off cutter, and also the 
amount of material which can be removed from the cutting 



edge of the cutter being produced, are both, comparatively 
speaking, small. 

This machine has thus been found not only capable of 
backing off satisfactorily cutters of a shape which could not 
be backed off along the whole length of their profile in an 
ordinary relieving lathe in one operation, but it has been found 
possible to do the backing off in, approximately, one-third of 
the time required on a relieving lathe, whilst at the same time 
a less expensive class of labour may be employed, and the 
finish of the teeth is found to be better. 

(4) Grinding Cutters. — The machine used for sharpening 
the cutting edges of the hardened milling cutters and subse- 
quently regrinding their faces or edges as required from 
time to time has a grinding wheel mounted upon a spindle 
suspended on a swinging frame and follows the work by the 
use of a former, the profile of which is of the same magnitude 
as the one to be ground. In an ordinary way this former 
would not have the exact outline of the shape desired on the 
finished cutter, corrections having to be applied for the 
diameters of the tracing roller and also of the grinding wheel, 
the latter item being, of course, itself variable. -This diffi- 
culty is overcome by using grinding wheels of special fast- 
cutting artificial stone which will perform a considerable 
amount of useful work before being appreciably reduced in 
diameter, and by making the diameter of the tracing roller 
equal to the diameter of the grinding wheel; there is in addi- 
tion, of course, an adjustment for raising or lowering the 
former. 

The milling cutter being ground is, as before, mounted 
upon a dividing head in the case of straight cutters, or upon 
a dividing head provided with helical sleeve in addition in the 
case of helical teeth cutters, and all the teeth are first ground 
along the tops to profile and afterwards in the usual manner 
down their faces, the grinding wheel being, of course, set 
over to the angle of the spiral. The cutter thus finished has 
edges both of the maximum keenness and also of the maxi- 
mum endurance due to correctly hardened high-speed steel, 
as only the thin skin partially oxidised in heating before 
hardening is removed. 

Hitherto the apparatus employed upon sharpening profile 
cutters for milling machines in repetition work, such as is 
produced in small arms factories and elsewhere, has required 
the handling and attention of men with considerable training 
and skill, liable to error and consequently well paid to avoid 
it. The provision of simple machines such as those described 
now enables an unskilled man to regrind correctly all cutters 
brought to him with considerable rapidity and the minimum 
possibility of error. By standardization of the pitches of the 
teeth and their angles, and by the provision of suitable tem- 
plates for each of the cutters commonly required, the use of 
these machines has been found to result in distinct economy, 
both in the upkeep of cutters and also in the quality of the 
work turned out. 

Considerable advantages result from being able to reform 
accurately the contour of the teeth in addition to grinding the 
face. In ordinary use the teeth of milling cutters are 
damaged not only on the face but to an even greater extent 
on the top, and it has frequently been found that removing, 
say, 0*002 inch from the top has as beneficial an effect as re- 
moving 0*006 inch from the face, and with this additional ad- 
vantage, that, when a tooth has been ground to its fullest ex- 
tent from the face, it can be further sharpened on the top 
whilst still retaining its correct figure, until the tooth is too 
short through not allowing the necessary clearance; and this 
consideration will in many cases lengthen the life of a Cutter 
by 10 per cent. 

The life of some milling cutters prepared by the methods 
indicated above has been extraordinary; for example, a cutter 
working in a self-acting cross milling machine and operating 
upon the bodies of the service rifle at an average cutting 
speed of 6g feet per minute, with a feed of ij inches per 
minute and a depth of 008 inch, and taking a cut of an 
average width of i^ inch and J inch long, has produced, at 
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the time of writing, 39,170 bodies and is still good for about 
half as many more. This particular cutter has been reground 
across its face twenty-five times. The composition of the 



steel upon which it operates is 05 to 06 carbon, with an 
ultimate tensile strength of not less than 35 tons per square 
inch. 



Top Plan, 



Section A ,B , 



Fig. 2.— Axicbox Pad ; Great Western Railway. 



Locomotive Journals and Bearings.— I. 

The successful working of modern express trains making 
long non-stop runs at high speeds depends — ^assuming, of 
course, that the boiler is equal in all respects to the duty 
demanded of it — mainly, if not entirely, upon the cool and 
smooth working of the journals in their bearings. 

The methods of obtaining — as it most undoubtedly is ob- 
tained — this result differs in detail on the engines of nearly 
every railway in the country, and the object of this and suc- 
ceeding articles is, by the courtesy of the locomotive engi- 
neers concerned, to show various designs and note the 
points of difference in detail which, though the object in view 



is approximately the same, experience has proved to be most 
suitable for the exact work the engines have to perform. 

The principal and most trying journals and bearings on a 
locomotive are those of the Driving Axle, the Connecting 
Rod and the Coupling Rod. It is those bearings, therefore, 
that we shall illustrate. 

Great Western Railway, 

The engines designed for the Great Western R. by Mr. 
G. J. Churchward, M.Inst.C.E., the chief superintendent of 
the locomotive, carriage, and wagon department, make the 
longest regular non-stop journeys in the world. They are of 
great weight and power, and carry the highest boiler pressure 
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Kig. 3.— Cast Steel Wheels ; Great Western Railway. 

of any locomotives in the country. Their designs also depart 
more from *' the beaten track " than others do in this 
country. They work heavy trains over steep gradients and 
constantly run at speeds of from 60 to 65 
miles an hour and upwards for long dis- 
tances. The details illustrated are used on 
the 4-4-2 and 4-6-0 classes, which have out- 
side cylinders i8in. by 3oin. wheels 
(new) 6ft. 8^in. diam., and a working 
pressure of 225 lbs. per sq. inch. 

Fig. I illustrates a Cast-steel Driving- 
Axle-box. The size of the journal is 8^in. 
diam. by loin. long. The load is taken 
on the top of the bearing, there being two 
oil ways cut 2^in. on either side of the 
centre line. The whole of the crown of the 
bearing is lined with white metal, which is 
held in place by a number of \'-shaped 
grooves cut longitudinally in the gun metal 
bearing, which is secured to the box by 
two J gun metal bolts. The white metal is 
carried round on to the face against the 
wheel. 

The top of the box provides four oil cups, 
from which the horns and journal arc lubri- 
cated. But the journal is when running 
mainly lubricated by a pad, which is illus- 



Leading atut Iratltng, 

t rated by fig. 2. The keep has a oil feeder cast on to it as 
shown, and which is closed with a cork bung. The free side 
of the axle-box is protected from grit by a worsted plait 
secured in place as shown. 

Fig. 3 shows the Wheels, the Main Journals, 8J by iij, 
and also those of the Crank (6 by 6) and Coupling-rod Pins, 
6i by 5 and 4^ by 3^. The Balance Weights are not cast 
with the wheel centres, but are riveted on. 

Fig. 3 also shows the washer used for securing the coup- 
ling rod. This is screwed on, 11 threads to inch, and a 
taper pin with a screwed head is put through as shown. 

Fig. 4 illustrates the steel Connecting Rod, both ends of 
which, it will be seen, are solid eyes with bronze bushes 
lined with white metal. The bushes are secured by Jin. gun 
metal bolts and are bored out on the inside with a cut of 
6 to the inch, and this coarse thread holds the white metal 
when it is run into it. The white metal is turned round on 
to the side rubbing surfaces as shown. This method of 
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Fig. 4.— Connecting Rod ; Great Western Railway. 
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Fig. 5.- Coupling Rod ; 
holding the white metal is, we believe, unique, and has given 
great satisfaction. 

The oil cups are of large capacity, the one at the big end 
taking } pint. They are cut out of the solid, and are square 
or rectangular in section. The lids are tightly fitted and the 
sides lightly riveted over. The centre of the lids have a boss 
with a |in. tapped hole, and into this a good cork is screwed. 

The length of the rod between the centres is loft. 8^in., 
the big-end bearing 6in. diam. by sifin., and the little- 
end 4i^in. diam. by 3ifin. The rod tapers between the 
flanges of the I section from 2jin. to ^hn. The thickness of 
the flanges taper from |in. to ijin. at 4ft. loin. from the 
small end and are then parallel for 2ft. 2 Jin., and then taper 
down to Jin. at the big end. The width of the flanges is 
uniformly 2jin. The corners are rounded ofl^ with a radius 
of ^in. and the fillets to the web, which is Jin. thick, have a 
radius of ^in. 

Fig. 5 illustrates the Coupling Rod, which has a solid 
rectangular section as shown. The bearings are in all ways 
similar to those of the connecting rod, and are finished in the 
same way. The bronze bushes are narrower than the rod, 
and the white metal carried round the faces as shown. 

The knuckle joint bearing has a bronze bush, and the 
pin is held in its place by a clip which is secured to the rod 



Great Western Railway, 
by two Jin. bolts, which in turn are prevented from slacking 
back by a long ^in. split pin passed through both their heads. 

The rods are 7ft. and 7ft. Qin. long between the centres. 
The driving is 6J by 4-}^, and the leading and trailing bear- 
ings 4J by 3^. The joint pin is 3in. diam. and 2^in. 
between the jaws. The rods are 5 Jin. deep in the middle 
and 4jin. at the ends, the width being i Jin., the corners being 
rounded off" to a radius of i^in. 

These designs ,may be taken as standard for all outside 
cylinder engines on the Great Western Railway. 
Caledonian Raihvay, 

The eng^ines of the Caledonian R. have to haul very heavy 
trains over long and trying gradients, and very high speeds 
are attained. All the engines Mr. J. F. Mcintosh, 
M.Inst.C.E., has designed for the Caledonian R. have inside 
cylinders, and the details illustrated are of engines with 
cylinders igin. diam. by 26in. stroke; 6ft. Oin. driving 
wheels and carrying a working pressure of 180 lbs. per sq. 
inch. 

Fig. 6 illustrates the built-up crank axle, and shows the 
main journals to be g} by 8 and the crank pins 9J by 4. It 
will be noticed that the crank pin is fin. larger in diam. than 
its ends which enter the webs; that the end shafts are re- 
duced J where they enter the webs, and the middle shaft is 
reduced to 8Jin. diam. The shafts and crank pins are each 
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Fig. 6.— Built Crank Axle ; Caledonian Railway. 
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Fig. 7. — Connecting Rod ; Caledonian Railway. 

fixed by a i J screwed key which is sunk -^ and the web ham* 
mcred over. 

Fig. 7 illustrates the Connecting" Rod, which is made of 
wrought-iron. The big end is of the bolted or marine type. 
The gun metal bearing is qj by 3r;!I> and is held in position 
by the two wrought-iron bolts, each jjin. diam., and is pro- 
vided with four white metal fillets back and front as shown. 
The k(ep, which is 4in. thick by J'/in., is provided with 
lugs which fit over the end of the rod. The bolts have fiats 
cut on their heads to prevent them turning, and their nuts 
are secured by split keys ; they are provided with a conical 
neck in order to reduce the thickness of the head. 

The oil cup is ( ut out of the solid, and, as shown, has 
two oil way*i, one on either side of the top bolt. It is closed 
by a brass cap screwed in with a filling hole tapped J for a 
wooden plug or cork. 
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Fig. 8. — Coupling Rod ; Caledonian Railway. 



The gun metal bushes of the 
small-end bearing, 3^ by 2^, are 
secured to the butt end of the rod 
by a wrought-iron strap or collar 
fastened by a taper steel cotter i 
by 3|^ (middle section) and a 1 Jin. 
wrought-iron bolt. Both the cotter 
and the nut of the bolt are secured 
by split keys, and the bolt is pre- 
vented from turning by a flat on its 
head fitting against the recessed 
part of the strap. 

The oil cup is cut out of the 
solid and fitted with a deep brass 
screw cap as shown. The rod is 
7ft. I in. between the centres and 
is rectangular in section with 
turned top and bottom faces. It 
tapers from 3f in. to S^in. and has 
a uniform width of 2in. 

Fig. 8 illustrates the Coupling 
Rod, which is 9ft. gin. long be- 
tween the centres. The I Section 
tapers from 4iin. at the efids 
to 5^in. at the middle, with a wider width over flanges of 
2J in. It will be noticed that all the corners are taken 
off to a |in. radius, and the fillets to the web, which is lin. 
thick, are |in. radius. 

The gun metal bushes are secured by means of taper 
pins which are held in their places by Jin. set screws as 
shown. The oil cups are bored out of the solid and closed 
with brass caps having tapped filling holes as before 
described. The oil hole through the bush is |in. diam. 
The bearings are 5in. by 4T^in. 

The Accident at BiaoHfriars Bridge. 

Mr. CiTiiBERT A. Breketon reports to the Board of Trade 
the result of his enquiry into the causes and circumstances 
connected with the fatal ace ident which occurred at the 
niackfriars Bridge Widening Works the 28th November 
last, by which 4 workmen were killed and 2 were injured. 
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The works, in connection with the widening of the road 
bridge over the Thames at Blackfriars for the purpose of 
carrying the L.C.C. Electric Tramways over the River, arc 
being carried out by Sir William Arrol and Co., Glasgow. 

The widening consists of an addition of 30ft. on the 
western or up-stream side, and which necessitated the exten- 
sion of the foundations of the abutments and of the four 
river piers. The work was commenced early in 1907. 

In order to put in the additional foundations of the piers, 
steel caissons provided with an air-tight chamber at the 
bottom and having an access shaft reaching above water 
with an air lock on the top were employed. The workmen 
excavate the material of the river bed under water by the 
aid of compressed air in order to put in the concrete and 
masonry of the new foundations, and it was while caisson 
No. 4 (the last one to be put down) was being lowered that 
the accident happened. The caissons are heart shaped in 
plan so that the convex end may form the new cutwater of 
the piers and the concave end fit as nearly as may be the 
outside of the existing foundations of the present cutwaters 
of the bridge. 

The method of lowering and sinking the caissons has been 
the same throughout. Timber stagings have been con- 
structed in the river immediately above the bridge opposite 
each of the piers, upon which the work in connection with 
lowering and sinking the caissons was carried on. These 
stagings were supported on piles driven into the river bed, 
and had an opening or well adjoining the piers through 
which the caissons are lowered into position. Upon this 
staging timber trestles were erected on each side of the 
opening, and upon the top of these trestles four steel girders 
were placed in pairs side by side across the opening. Across 
each pair of girders were placed short timber blocks, upon 
which rested the hydraulic jacks used for lowering the 
caisson. 

The weight of the caisson, together with some concrete 
which is put in to strengthen it before it is sunk into the 
ground, was about 240 tons, which was carried on the 
hydraulic jacks by means of suspending rods or links 
attached to four brackets near the sides of the caisson, and 
having slot holes in them through which steel cotters were 
inserted which carried the v/eight alternately on the ram of 
the jack and on the crosshead above the jack during the 
process of lowering, the actual lowering being effected by 
allowing the water in the jack to escape by means of a cock 
or tap attached to the cylinder of the jack. This method of 
raising or lowering caissons or other heavy weights is one 
frequently adopted, and as a system is satisfactory and effi- 
cient. 

It was evident from an inspection of the girders and other 
appliances used that the immediate cause of the accident was 
the giving way of the girders placed across the trestles and 
upon which the jacks carrying the weight of the caisson 
rested, but as these girders did not appear to have failed 
by direct vertical pressure it was not at first easy to deter- 
mine what had been the primary causes which had contri- 
buted to their failure, but after a further careful examination 
of the jacks and other appliances and hearing the evidence 
given at the enquiry, there is no doubt that the primary 
cause of the accident was the unequal lowering of the 
caisson, which caused the whole weight to be thrown upon 
two only of the four points of support, and this in a diagonal 
position, the result being that undue weight was brought 
upon one of the piles supporting the trestles which caused it 
to sink, thus throwing the trestles and girders out of level, 
and this, coupled with the fact that the centre of gravity of 
the caisson was not evenly supported, and also that the 
lower edge of the caisson was touching the water of the 
river, which was flowing strongly up stream at the time, all 
tended to create a transverse strain on the girders which they 
were not calculated to bear, and consequently caused them 
to turn over and collapse. 

Unfortunately, as frequently happens in cases of this 
kind, the men who could best give an explanation of what 



was actually being done at the time have lost their lives, but 
the evidence given by the contractor's foreman, William 
Peacock, who was in charge of the work, is that the actual 
directions to the men at the jacks were given by Peter 
Irvine, who was killed. It is, however, stated by the men 
who were working at the pump connected with one of the 
jacks that shortly after Irvine had instructed them to stop 
pumping they heard and saw the water exhausting or run- 
ning out of one of the jacks, while that at which Irvine was 
stationed was not exhausting, and the man who was at the 
jack diagonally opposite to Irvine states that he was about to 
open the cock to exhaust when the act*ident happened, and 
these statements are confirmed by the positions m which the 
handles of the cx>cks were found after the accident. 

The appliances used for lowering the caissons would 
appear to be of sufficient strength for normal use, but in 
view of what has happened it would be desirable that in 
similar operations care should be taken to support the weight 
as uniformly as possible, and to make all girders and other 
parts of the temporary structure of sufficient strength to 
take the greatest load that could possibly come upon them 
under any combination of circumstances, and further that 
the girders and other portions of the structure should be of 
a box form and of sufficient lateral stiffness to withstand 
sideway strains which they may be subjected to in addition 
to their normal load. 

It is possible, although there is no direct evidence to that 
effect, that one of the cocks attached to the jacks may have 
been broken off by a falling cotter or hammer, and it would 
be advisable that such a vital part of the appliances should 
be protected from possible injur}'. 



Fires on London Underground Electric Railways. 

The following letter has been addressed to the President of 
the Board of Trade by Major Pringle, inspecting officer, and 
Mr. A. P. Trotter, electrical adviser : — 

We have, in the usual course of our duty, enquired into 
the circumstances under which an explosion and electric 
flashing took place in a car on the evening of January 8th 
at Sloane Square Station on the Met. District Railway. We 
made a very careful examination of motor car No. 34, which 
alone was concerned in this case, before any repair work had 
been carried out, or any of the effects of the explosion and 
flashing had been removed. Above floor level there was 
some blistering of the varnish on the wood work surrounding 
the end left-hand window and doorway, and two panes of 
glass were blackened with smoke and fumes. No glass was 
broken, and it was possible by rubbing off the blistering on 
the wood to see that the red paint work underneath was un- 
damaged. Below floor level the metal pipe carrying the elec- 
tric lighting wires and a metal junction box were fused. The 
underside of the timber flooring, immediately above this pipe 
and junction box, was charred in places. The charring no- 
where exceeded a quarter of an inch in depth. No mark of 
fire could be found inside the car on the flooring, seats or 
sides. We may here remark that all the woodwork on the 
Company's cars in proximity to electric conductors has been 
rendered non-inflammable. This, and other occurrences of a 
similar kind, have proved that the wood will char under the 
effect of intense heat from electric flashing, but will not catch 
fire. The real combustibles in this fire, if we use the word, 
were copper, iron and brass. Such electric arcs continue 
until they exhaust or burn themselves out, or until the current 
is cut off, as was done at Sloane Square. The ordinary 
method of extinguishing a fire is useless for electric arcs. 
This particular case was caused in all probability by failure 
of the insulation of the electric lighting wires owing to damp. 
The heating of the wires resulted in the liquefaction of a small 
plug of bitumen. An explosion of bitumen vapour followed, 
causing smoke and fumes. Subsequently electric flashing 
took place along the pipe and at the junction box under the 
car. The conductor in charge of the car states that he im- 
mediately entered the door at the corner where the explosion 
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had taken place and worked the air valve which actuates the 
double doors in the centre of the car. The doors opened in 
the usual way; they had not to be forced or held apart. The 
passengers, 8 in number, stepped out on to the platform 
through the open doorway, without any apparent panic or 
alarm. No complaint of injury or danger was made to either 
the station inspector or any of the Company's officials. 
Arrangements also exist, on Underground as well as on Tube 
Railways, to allow passengers in case of need to descend from 
a train at either end. In our opinion the apprehensions of 
danger which have been expressed by writers to the news- 
papers arc not justified by the facts. The main danger in any 
such cases of fire will be from panic. For this reason we 
deprecate the writing for publication of alarmist letters 



Distpibution of Current to Trains on Electric 
Railways.— IV.* 

Distribution by Single Phase Alternating Current, 
The conditions for distribution by single phase alternating 
cuirent are similar to those with two wire continuous current, 
up to a certain point. Two conductors are necessary, as with 
two wire continuous currents, one to carry the current to 
the train, and the other to bring it back to the generating 
station. There is one very grave difference, however, that 
meets us at the outset. The track rails cannot be employed 
for the return, and a separate return cannot be employed, 
unless it is securely bonded to the track rails. Further, the 
use of single phase currents is associated with the use of very 
much higher pressures than have been hitherto employed 
with continuous currents. It was mentioned in a previous 
article that the continuous current motor had been practically 
confined to pressures in the neighbourhood of 500 volts, the 
reason of this being the grave diflliculties which arise with 
the insulation of the commutator, with higher pressures. 
It was also mentioned that M. Thury is working at the 
problem of continuous current generators and motors for 
higher pressures, but so far in this country nothing much 
above 500 volts has been adopted. It was explained in some 
previous articles in the Railway Engineer that the commu- 
tator of the continuous current motor consists of a cylinder 
of copper, divided up into segments, insulated from each 
other, the number of segments corresp>onding with the num- 
ber of coils on the armature of the motor, and the whole 
winding of the motor being divided up as much as possible, 
in order to reduce the sparking at the brush, when each pair 
of segments passes under it. As the pressure with which a 
motor is to work increases, so do the number of wires on the 
armature, and also the number of segments of the commu- 
tator, and it will easily be understood that the insulation be- 
comes more and more difficult. On the other hand, with 
alternating current motors, pure and simple, there is no 
commutator, and therefore the difficulty of the insulation of 
the commutator with high pressures is eliminated. Hence 
it is practicable to employ motors with pressures of 3,000 
volts delivered to them. This pressure is employed very 
largely in mines in this country, and on the Continent, and 
also on the Continent in factories and other places, and no 
difficulty is found, so far as the insulation is concerned, nor 
have any difficulties arisen more than we have with lower 
pressures, with regard to shock. It may perhaps be men- 
tioned, en passutit, that the single phase motor pure and 
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simple is not at all suitable for driving locomotives. It will 
not start by itself, unless a special arrangement is provided 
for it, and even then it will not start against a load greater 
than its own full load, while the motor driving a locomotive 
must start against a load several times its normal. But there 
are several methods of employing single phase currents, 
and converting them upon the locomotive. 

In single phase alternating currents, and in fact in alter- 
nating currents of any kind, though the problem of distri- 
bution is similar in many respects to that of continuous 
current distribution, there are several very important new 
factors that have to be taken into account. The alternating 
current, it will be remembered, differs entirely from the con- 
tinuous current, though it is made to do the same work, as 
in the case of lighting, and in the case of two and three 
phase motors. Where the continuous current is moving 
constantly in one direction, supposing for the moment that 
an electric current is something similar to a current of water, 
and moves from a point at higher pressure, to one at lower 
pressure, the alternating current is constantly rising and 
falling and reversing its direction. With a continuous 
current, one of the terminals of the generator is always at 
higher pressure than the other, and this applies also to the 
terminals of the motor. It applies also to the conductors 
connecting the generators with the motors. Certain por- 
tions of the conductors are always at higher pressures than 
certain other portions. With alternating currents this is all 
changed. In the generator each terminal is alternately posi- 
tive and negative, frcm 25 times a second, upwards. The 
same thing applies to the motor, each terminal is alternately 
positive and negative, and to the conductors. Alternating 
currents are continually changing their direction and chang- 
ing the value of both the pressures and the currents them- 
selves. When we talk of a continuous current pressure of 
500 volts, say, we mean that that pressure exists between 
the terminals of the generator, or the terminals of the motor, 
or points on the switchboard, as the case may be. With 
alternating currents, with a pressure of 500 volts, we mean 
that the pressure rises from o to 720, falls to o again, rises 
to 720 in the opposite direction, falls to o again, rises again 
in the first direction to 7.20, and so on, this taking place from 
25 times per .second, upwards. In the early days of alter- 
nating currents, the periodicity of the currents was as high 
as 166 per second, but the tendency has been to gradually 
reduce the number, especially for power work, as a high 
periodicity means considerable waste, and at the present 
time 25 per second, or 1,500 per minute, is that employed 
for power work, and 50 per second or 3,000 per minute for 
lighting work. A lower periodicity would be employed for 
power work with advantage if engineers could be sure that 
the current would not be used for lighting, but the sensitive 
filaments of incandescent lamps show the variation in the 
pressure at anything below 25 per second, and sometimes 
even at that figure. The same remarks apply to the current, 
it is constantly changing in value from instant to instant, in 
exactly the same manner as described for the pressure, and 
in alternating current work it may be taken that currents 
are constantly surging to and fro, through the generators, 
through the conductors connecting them to the motors, and 
through the motors. 

Alternating currents are employed, as explained above, 
for lighting and poewr, very much as continuous currents 



Digitized by 



Google 



68 



The Railway Engineer. 



February, 1908. 



are, with the differences mentioned, and the power delivered 
by alternating currents is calculated just as the power de- 
livered by continuous currents is, but with certain modifica- 
tions. The power delivered by an alternating current is 
found by multiplying together the working pressure 
and the working current, and another factor to be 
mentioned presently, just as with continuous currents, 
but the working pressure and the working current 
are what are known as the effective or virtual pres- 
sures, and the effective or virtual currents. The effective 
or virtual pressures and currents arc really the average of 
the whole of the pressures and currents throughout the 
cycle, but the average is found in a special manner. The 
effective pressure of any alternating current is found by tak- 
ing the sq. root of the mean of the squares of all the values 
through which the pressure passes, and the effective current 
is found in a similar manner, by taking the sq. root of the 
mean of the squares of all the values through which the 
current has passed. This rule is known as the root of the 
mean sq, value, and it has been made great fun of in after 
dinner speeches. The reason for its use is, the effective work 
done by an alternating current is measured by that which 
v.ould be done by a similar continuous current. Thus, incan- 
descent electric lamps are made to work at various voltages, 
as, say, loo volts, 200 volts, and so on, and it makes no 
difference to their working, whether the supply service is 
worked by continuous currents or alternating currents. The 
incandescent electric lamp, it will be remembered, gives out 
light because the electric current passing through it generates 
heat, and because its temperature, when the current passing 
is sufficiently strong, is raised sufficiently high to give out 
light. The heat delivered then to the filament of the incan- 
descent lamp is the measure of the work that either the con- 
tinuous current or the alternating current will perform, when 
delivered to the lamp, and it varies directly as the square 
of the pressure or the square of the current ; and, therefore, 
the alternating current whose average pressure is such that 
it will deliver the same quantity of heat to an incandescent 
lamp filament, as a continuous current of, say, 100 volts 
pressure or i ampere current strength, has an effective pres- 
sure of 100 volts, or an effective current of i ampere, and this 
means that the square root of the mean of the squares of all the 
values through which the pressure and current has passed is 
the same as the figure given for continuous currents, and that 
is the effective pressure or effective current. And this applies 
to any pressure and any current, though it is arrived at 
theoretically by the rule given above, that looks so much 
like a play upon words. For practical purposes it will per- 
haps be sufficient to note that the effective pressure is 0.707 
of the maximum pressure, and conversely, the maximum 
pressure is 1414 times the effective pressure. These figures 
apply also to the currents, the effective current is 0*707 times 
the maximum current, and the maximum current is r4i4 
times the effective current strength. It should be noted eti 
passant, in connection with the matter of pressure, that the 
alternating current is more dangerous in the matter of shock, 
because the real shocking pressure is 2828 times the work- 
ing or effective pressure. When a man takes hold of a piece 
of apparatus, and places himself in such a position that he 
is exposed to an effective alternating pressure of, say, 200 
volts, he is leally exposed to a shocking pressure equal to 
560 volts continuous current, and this is the reason whv so 



many fatal accidents have occurred with 200 volts alternating 
current. 

Alteniating Currents and Induction, 
There is another point in connection with alternating 
currents that had better be dealt with, vie, induction. 
Whenever an electrical pressure is applied to the ends of a 
conductor, though apparently the current which follows 
passes immediately upon the application of the pressure, in 
reality it is not so. Before the « urrent can pass from one 
end of the (*onductor to the other it has to satisfy two re- 
quirements, practically two charges, which are known re- 
spectively as electrostatic and electro magnetic induction. 
At the present moment electrostatic induction need not de- 
tain us long. It is of importance in the case of long insulated 
cables, which are delivering alternating currents, and it is 
the charge of electricity which the insulating envelope of the 
cable takes up, whenever an electric current passes through 
the conductor it surrounds. The conductor of an insulated 
cable, its insulating envelope, and any conductors with which 
the insulating envelope are in contact outside, such as its 
armour, or the lead covering of certain cables, together form 
what is called an electrical condenser. The electrical con- 
denser has the property of absorbing a certain quantity of 
static electricity, by what is known as electrostatic induc- 
tion, and when an electrical pressure is applied to the ends 
of an electrical conductor, every inch or foot of the condenser 
formed by the cable has to be charged electrostatically be- 
fore the current can pass on. Overhead txinductors, insu- 
lated by being carried on porcelain insulators, and third rail 
conductors carried on the track, also form condensers with 
other conductors in the neighbourhood, the air, etc., forming 
the insulator, but the electrostatic induction in this case is 
very small. In the case of long insulated cables it is of im- 
portance. It is the other form of induction, however, electro 
magnetic induction, that is of so much importance in con- 
nection with the distribution of electric currents for train 
work. In addition to charging the condenser formed by the 
cable, when a current passes through a conductor it creates 
a magnetic field around the conductor, and the current can 
only reach the end of the conductor when it has created a 
field throughout its whole length. When the current ceases 
in the conductor the energy that was delivered in the con- 
denser, and to the magnetic field, are returned to the con- 
du( tor, and in the case of the energy delivered by the mag- 
netic field, this is the principal cause of the sparking which 
takes place, at switches, etc., when the current is broken. 
The returned energy from the magnetic field takes the form 
of an increased pressure, which resists the opt^ning of the 
circuit, and causes the current to attempt to persist. In the 
case of alternating currents, the pressure and current, as 
explained, are constantly rising and falling, and reversing, 
and consequently there is a constant charge and discharge 
of the condenser formed by any cables in the service, and 
there is a constant c^hange in the magnetic field surrounding 
the conductors. The magnetic field is created, following the 
rise of the current, gradually reaching its maximum value, 
and as the value of the current recedes from the maximum, 
the energy delivered to the magnetic field commences to 
return to the conductor, and again, when the current com- 
mences to rise in the opposite direction, energy is again 
delivered to the magnetic field surrounding the conductor, 
but in the opposite sense to that during the first half of the 
lyde, it again gradually increasing to the maximum, and 



Digitized by ViiOOQLC 



February, 1908. 



The Railway Engineer. 



69 



again gradually returning to the conductor, as the value of 
the current decreases. These phenomena lead to the pecu- 
liar features of all alternating current work, particularly 
where power transmission is concerned, in which what is 
known as the power factor appears, as an additional factor 
in the equations dealing with the power delivered by the 
current. Where the conductor is coiled on itself a number 
of times, as in the construction of dynamo machines, genera- 
tors and motors, the current passing in each turn of the coil 
acts independently of the current in all the other turns. That 
is to say, as the current circulates through every turn in the 
coil, and in each turn induces the effects described above, 
these effects arc enormously multiplied where there are a 
number of coils, as in all dynamo machines. And this leads 
to the peculiar phenomena that the current lags behind the 
pressure which creates it. From what has been stated above 
it will be understood that the creation of the magnetic field, 
and the other phenomena that have been described, tend to 
delay the passage of the current through the conductors, 
after the necessary pressure has been delivered to them. 
Hence the formula? which rule for obtaining the power 
present in any electric circuit do not apply in the case of 
alternating current circuits, except where there are no in- 
ductive apparatus, as they are termed, where there are no 
coils through which the current has to pass, and no con- 
densers to be charged. It should be mentioned that the 
electrostatic induction created by the condenser is opposite 
to the electro magnetic induction created by the magnetic 
field, and that if the two can be equally balanced, the power 
factor becomes unity, as will be explained, and the formulae 
for the power delivered to any electric circuit becomes the 
same as with continuous currents. For railway work it is 
very rarely that the electrostatic induction is more than a 
small fraction of the electro magnetic induction, but on the 
other hand it is possible to artificially produce the same 
effects as those produced by electrostatic induction, and so to 
balance the electro magnetic induction. This is dealt with 
further on. The fact that the current created by a given 
pressure, in a given conductor or system of conductors, only 
flows through the conductors a certain time after the pres- 
sure has been applied, leads to the fact that the product of 
the current and pressure at any instant do not measure the 
power in the circuit at that instant. At the commencement 
of the cycle, for instance, when the pressure is applied, the 
current is non-existent, and the current does not commence 
to flow until the pressure has acquired an appreciable value, 
depending upon the conditions of the circuit. As the pressure 
increases, the current also increases, but is always less than 
the apparent pressure would rule, and when the pressure 
commences to dcrease, after passing its maximum, the cur- 
rent still continues to increase, up to the maximum, and then 
commences to decrease, and so on. It is usual to describe 
the difference in time between the pressure and current as the 
angle of lag of the current. This is taken from the method 
that is adopted for describing the variation of pressure and 
current in an alternating current circuit, by what is known 
as a clock diagram. In the clock diagram the radius of a 
circle is supposed to revolve round the centre of the circle, 
sweeping out angles from o to go, to i8o, 270 and 360, these 
angles representing, in time, the period of a complete cycle 
of an alternating current. When the current lags behind the 
pressure, one radius will represent the pressure, and a second 
one the current, as shown in fig. 16, and the angle between 
the two radii is known as the angle of lag, and the formulae 
that have been given in previous articles for the power de- 
livered to a continuous current circuit become the formulae 
for alternating current circuits, with the addition of the 
cosine of this angle of lag. It is usual to call the angle of lag 
by the Greek letter </>, and the formulae becomes : — 
W = E X C X cos. 1^ : W = C- x R x cos. 0; and 
W = F;^xcos. </»^R, 
Where, as before, W is the work done, E is the pressure in 
volts, R is the resistance in ohms, and C is the current in 
amperes. 



The rate of doing work in H.P. is given by the formulae : 
H.?. = E X C X COS. <l> -r 746. H.P. = C-^ X R X cos. <f>-^ 746. 
H.P. = (E2xcos. <^)-f(Rx746). 
Y 



OPi is the radius 
representing pressuie, 
OP that representing 
current. Pressure 
varies as sine ^1, 
currents as sine ^* 




The power factor, as will be understood, decreases with 
the increase of induction. In a circuit devoted entirely to 
electric light, where there is very little induction, cos. </> 
will equal i. It will be remembered that cos. O— i and cos. 
90° = 0, the latter representing the paradoxical case, where 
current and pressure are being generated, but there is no 
power available in the circuit. The value of the cosine de- 
creases, as may be seen from any table of cosines, as the 
angle increases, and the angle of lag increases as the electro- 
magnetic induction increases, and again as the coils into 
which the conductor is formed increase, and with other mat- 
ters. In particular, alternating current motors and alternat- 
ing current transformers, working with light loads, have very 
low power factors. A power factor of 0*5, and even less, is 
not at all uncommon, with an ordinary single phase motor, 
or a single phase transformer, at light load. And this is 
one of the reasons for not employing the ordinary single 
phase motor for railway and other kinds of work. In order 
that the motor should have power to start against a heavy 
load, and to give the required accelleration, it would have 
to be constructed very much above its normal power, and 
would consequently be working at very light load, for a 
large portion of its time, and would be exceedingly inefficient. 
(To he continued,) 

Official Reports on Recent Accidents. 

At Ebbw Junction, G. W. R. , on 20ih Septeviher. Major /. // '. Prhi^irle 
reports that : — 

The 7.40 p.m. up express passenger train collided head-on with a 
special down goods train, from Rogerstone to Cardiff. Boih engines 
were derailed and badly smashed. The leading coach (fortunately empty) 
and the next were destroyed. Three other carriages were derailed. Six 
goods wagons were broken up and four more derailed and badly damaged. 
The driver of the goods train was killed and the fireman very seriously 
injured; 12 passengers were injured, and the driver and fireman of the 
passenger train were badly bruised and shaken. 

The passenger train consisted of a 4-coupled bogie engine (No. 3728), 
tender and 6 coaching vehicles, fitted with a steam brake on the coupled 
engine wheels, controlling the vacuum automatic brake, on the six 
tender wheels, and on 44 out of 46 of the coach wheels. The total weight 
of the train (unloaded) was 197 tons 4 cwt. 

The goods train consisted of a 6-coupled tank engine (No. 3161) with 
a pony axle in front and radial axle in rear, and one empty and 47 loaded 
four-wheeled wagons, with two four-wheeled brake vans. The rear brake 
van (No. 17,523), weighing 13 tons 2 cwt., was alone in use. Eighty 
per cent, of the load (56 tons 4 cwt.) carried by the coupled wheels of the 
engine was braked by steam power. The engine was running chimney 
first. The total weight of engine and train was 815 tons 7 cwt. 3 qrs. 

At Ebbw Junction, on the main line between Cardiff and Newport, 
about li miles from High Street (Newport) Station, a double loop from 
Park Junction connects the Western Valleys Branch with the main line 
towards Cardiff. The western pair of lines are the up and down main, 
and the eastern pair the up and down relief. The loop, or Western Curve, 
forms a double junction with the up and down main lines, and curves 
sharply towards the west. 

Ebbw Junction signal-box is on the west side of the main road, and 
the Park Junction down (to Cardiff) starting signal is 761 yds. and Park 
Junction signal-box 1,270 yds. to the north-west. 

The main lines are practically straight and level. The down loop 
line on which (he goods train travelled curves sharply to the right, with 
a radius of 16 chains, towards Ebbw Junction, and thegradients fall from 
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Park Junction down starting signal at i in bi for 113 yds. ; at 1 in 70 
for 198 yds. ; at 1 in 129 for 17b yds., and level for no yds. (collision). 

Up to October, 1904, regulations were in force for down mineral and 
goods trains on the Western Curve to be stopped at Park Junction, and 
for the guard, when the train comprised more than 20 wagons, to pin 
down as many wagon brakes as the enginemen considered necessary, so 
that the train should be thoroughly under control. The latest regula- 
tions, issued October, 1904, cancelled the former as regards the application 
of wagon brakes. In lieu thereof no trains were allowed to be despatched 
from Park Junction down starting signal except under full block protec- 
tion. 

.\ mistake on the part of Lodge, signalman at Park Junction, was 
the immediate cause of this collision. He offered the special goods train 
to Ebbw Junction at 7.41 p.m., but it was not accepted. .At 7.47 p.m. 
he allowed the train to draw slowly past his signal-box on to the down 
line of the Western Curve as far as the starting signal, where it stopped. 
This signal is worked from Park Junction signal-box by lever No. b. 

At 7.56 p.m. a mineral train for Newport arrived at Park Junction, 
and was offered by signalman Lodge to Gaer Junction (Newport), but it 
also was refused. He immediately decided to run this mineral train into 
a refuge loop in order to clear the main line to Newport for a passenger 
train, and therefore proceeded to set the necessary points and bars. The 
signal controlling the entrance to this refuge loop is worked by lever 
No. 7. Lodge made the mistake of catching hold of No. 6 instead of 
No. 7 lever, and drew it over, thereby unintentionally lowering the down 
starting signal for Ebbw Junction to the "clear" poi.ition. He frankly 
acknowledged that, after the collision, he examined his lever frame and 
found that No. 6 was pulled over instead of No. 7. 

Trains from the Western Valleys Line are never stopped at the Kbbw 
Junction down home signal unless both guard and enginemen are aware 
that the train will be so stopped in order to pick up loads at the Junction. 
Only short trains with small loads are so stopped, and in such cases also 

1 he trains are only accepted under full block protection, with the Junc- 
tion points set for the crossing. 

The special goods train had a full load of 50 vehicles behind the 
engine, and was booked to run through to Cardiff. When, therefore 
(as above described), the Park Junction down starting signal was lowered 
the driver (Workman) of this train was fully justified in expecting a 
clear run over the Junction crossing in accordance with the instructions. 
He whistled for his guard, who was on hi* way back 10 Park Junction 
signal-box, to return to the train, and, on receipt of a white light from 
the guard (Vaughan) started his train down the bank. The Ebbw 
Junction home signal was found to be at danger, but driver Workman 
could not have seen its danger position until he was passing the railway 
overbridge, distant about 230 yards from the home signal. He appears 
then to have done his best to slop his train by using the engine brake, 
and by whistling for the guard's assistance, as soon as he found the 
Junction home signal against him. But the weight of the heav\ train 
on the steep gradient was too much for him, and his engine ran by the 
home signal on to the crossing of the up main line. The engine of the 
goods train weighed 79 tons 14 cwt., of which 45 tons was braked, and 
the weight behind the engine was 735 tons 13 cwt., of which 13 tons 

2 cwt. (one brake-van) only were braked. The speed of the train was 
not in excess of the prescribed limit of 15 miles an hour. 

All the up main line signals had been "cleared" for the expr^s* pas- 
senger train, which at this moment was approaching Ebbw Junction 
signal-box at a speed of 45 miles an hour. Despite the efforts of yard 
inspector Ballinger to warn the express, and of signalman 1-ippiatt, at 
Ebbw Junction, to stop the express by placing his signals at danger, 
driver Kennett had not time to do more than apply his brakes before the 
collision took place. The express engine struck the right-hand leading 
end of the goods engine, and turned it end for end, so that it eventually 
fell over on its right side. 

It appears that a relief brakesman had been sitting in the Park Junc- 
tion signal-box for a quarter of an hour before the collision occurred, 
waiting for a train. Lodge states that he was not engaged in conver- 
sation with this brakesman, and that his attention was not in any way 
distracted by his presence. Lodge suggests that a possible explanation 
cf his mistake may be that he intended, in accordance with his usual 
custom, to place collars on Nos. 5 and 6 levers in order to remind himself 
of the position of the goods train standing at the down starting signal. 
If he had placed these collars he could not have lowered the starting 
signal without removing the collar. Either, therefore, he must have 
placed collars on Nos. 4 and 5, instead of on Nos. 5 and 6, or only have 
placed one collar on No. 5. 

On the other hand it is given in evidence by guard \'aughan that after 
the collision Lodge voluntarily made the statement that he was talking 
to the brakesman at the time. It is one of the duties of a signalman to 
( bserve whether a lever movement is properly responded to by the signal 
concerned. Repeating indicators are provided for such signals as are 
not in view from a signal-box. If Lodge had watched the signal worked 
by No. 7 lever he would presumably have noticed that the back light 
was not obscured, and that the signal had not answered the lever move- 
ment he had made. His attention would then probably have been drawn 
to the lever and he would have immediately discoverrd his mistake, and 
might at once have thrown back the lever and placed the starting signal 
to danger. Lodge states that he did not watch No. 7 signal because 
he had no time to do so. The necessity for using the telephone pre- 
vented him from noticing the movement of the goods train and taking 
;:ction to remedy the mistake he had made. In short, his excuse for the 
j^rave mistake he made is that the work in the signal-box is too heav\ 
ior one man to b*» able to perform it properly without a-s^istamc. 



Park Junction signal-box contains 105 lexers ; of these, 78 only are 
in use. There are in addititm 6 bell instruments, 4 sets of block instru- 
ments, and 4 telephones. It 1* an 8-hour box, and is classed as "special" 
for the purpose of calculation of ^^-jiges. The total number of train* 
dealt with in 24 hour* is 278, the maximum number in one hour being 16. 
In i8<ig, when extensive alterations were in hand at Park Junction, the 
assistance of a train-booker was asked for by the signalmen. This wa« 
given, as a temporary measure. When the new arrangements were in 
working order the ser\ices of a train-booker were dispensed with. The 
signalmen protested, and a sur\ey of the general work, lever move- 
ment*, etc., performed in the signal-box was made, with the result thai 
the men were informed that a case for the permanent appointment of a 
train-booker had not been made out. In 1007 the signalmen pecltioned 
that, on account of the extra telephone work, the box should be classed 
as "extra special," and the highest scale of wages paid accordingly. 
On this r«nent occasion the signalmen made no reference to the necessity 
for providing them with services of a train-booker. .Again a survey of 
all the work performed was made. But it was still found to be less than 
that required by the Co/s fixed scale for quallBcation for the **extra 
special" class. The petition for higher wages was accordingly refused. 

The signalling of trains, which includes watching of the movement 
of the semaphores and signal lights, and of the trains themselves, is of 
far greater imptirtance than the despatch of telephone messages. Lodge 
suggests that it was the necessity for using the telephone which pre- 
vented him in this instance from obser\*ing his out-door signals. But 
when further questioned Lodge explained that he had not been called up 
on the telephone, but was of his own accord asking for information re- 
garding the position of certain passenger trains. In the circumstances, 
whilst it may be freely acknowledged that Lodge made the mistake 
from pure inadvertence, the excu»e he offers for the mistake, that his 
work was so continuous that he had not the time to carry it out in a 
proper manner, cannot be accepted. He came on dutj at 2 p.m., after 16 
hours* rest, and had been at work about b hours. 

In order to prevent the recurrence of a similar mistake, the Pork 
Junction down starting signal for Ebbw Junction should be controlled 
either electrically or meihanically from Ebbw Junction signal-box. It 
will th^n be impossible for the signal to be lowered without the consent 
and action of the signalmen in both these Junction boxes. The Company 
is prepared to arrange for the addition of this. 

♦ 

Ar Waih, H. and B.R. Ott Septtmbtr ^stk. LimLCoL P* G, vtn 
Dofiop^ K.E, {in conjunction with Mr, Thos, Cariton^ of the Marim D$pat'i* 
ment of the Board of Trade) reports that : — 

An explosion occurred in the fire-box of a ()-<.*oupled tank-engine 
which was about to take u train from Wath to Wrangbrook, The 
driver, who was on the footplate, was blown off the engine, and he 
died in a few hour^. 

The engine was in charge of drivvr Brook and fireman Heffer. 
These men had come on dut> at Cudworih at 2.50 p.m. on the after- 
noon of the 24th September, and had been employed during that day 
in running short trips betwtM^n Wath. Hickleton Station, and Wrang- 
brook Junction. They had finally arrived at Wath At 1.20 a.m. on the 
25th, with a loaded train. On arrival there they put that train away 
and got read) a new one, lonsisting of 20 wagons and a brake van, 
which was due to go to Wrangbrook. The engine would have been 
run home " light " to Cudworth. The train was ready by 3.50 a.m., 
and the guard then instructed the driver to get water ; he did so, and 
the **ngine was then backed on to the train, which was standing In 
one of the sidings, marshalled readv to go away ; the engine was not, 
however, coupled up to the train. \Vhen the engine had got back on to 
the train the driver told the fireman to go to the signal-lM»x for the 
staff. Heffer did so, and he had just left the signal-box to return to 
the engine when the explosion occurred. The weather at the time was 
very foggy, and th? guard stales that the shunting operations had 
been slightly hindered thereby. 

The engine was found after the explosion to be derailed a short 
distance to the left of the line of rails on which it had been standing, 
and it was leaning over slightly to the left. The whole of the left- 
hand side of the copper firebox was blown completely out of the engine, 
and it was found lying on the ground about 40 \ards to the left of 
where the engine was sianding. 

Mr. Carlton reports that : — The boiler is of the ordinary locomotive 
type, with a ^teel shell and copper fire-box. The mean diam. uf barrel 
4ft. 1 5 ins., length loft., and plates f^in. thick. The fire-box is 4ft. 
i>jins. long, 3ft. 4iins. wide, 5ft. 4ins. high at the back end and 5ft. 
t)ins. at the frtmt, all inside dimensions. The top and ».ide plate Jin., the 
tube plate IJiin., and ^in. ; the back plate {in. The natrr spaces at 
the sides and ends 3in. ; the -.lays }J|in, diam., and approximately 
bareh 410. pitch. The crown plate was supported by 12 transverse 
rows of Nta\s, f) of which were attached to the shell plate, the 3 for- 
ward rows being strewed into girders, the ends of which were sup- 
ported on short angle-bars riveted to the outer shell plate. There were 
two openings in the shell, each 2 J in. diam., for the duplex safety valve, 
which was of the u*.ual Rumsbottom type, loaded to a pr- ssure of 150 
lbs. per square int h. The other usual mounIing^ are fitted to the 
btiiler. 

The explosion was a violent one, the left-hand side of the fire-box 
being entirely torn out and blown about 40 yards away, Khe r«^ac£ing 
prt-ssure of the >team in escaping from the fire-box lifted the rear part 
of the engine until the forward part of the engine frame rame in 
contact with one <-f the raiK. and while in or near ths position the 
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fractured side of the fire-box finally steparated from the boiler. The 
raiU were broken and twilled and the engine appears to have fallen 
again almost in its original position, but slightly to the left-hand side. 
The explosion was cau'ied by the failure of a' group of stays, about 
30 in number, situated near ihf bottom of the left-hand side of the fire- 
box in the 2nd, 3rd, 4th, and 5th rows, counting from the bottom, the 
attachment of which to the copper plate had become most defective. 
The clenched heads of these sta>s were completely wasted away, and 
this part of the fire-b4^\ side was in consequence dependent for support 
«m the screwed part* of ihe stavs in the stay holes, but owing to the 
repealed hammering and caulkmg of the ends to make them steam 
tight the threads had bor*n seriously daniaged and the stays had be- 
come too short, the ends being below the fire surface of the plate. In 
this condition they were unable to support the plate, and the latter was 
force<l over the ends in ihe form of a bulge. Once the bulge started 
the surrounding part of the plate appears to have slipped easily and 
rapidl} over the adjacent stays, many of which also were without 
pre per heads, the scalding -iream and water escaping through the stay 
hole> into the firebox and ihrnce to the atmosphere. When the bulge 
had extended the full h'ogth of the side of the firebox to the back 
plate and tube plate, ih.'sp rrumpled in and the bulged side appears to 
have begun to tear awa\ at ihe two upper corners simultaneously, and 
after completely tearing along the top, it was driven downwards, hing- 
ing along a line level with the lop edge of the upper row of rivets 
ataching the bottom part of the side to the foundation ring, and it 
appears to have held on at this part until the plate itself had bent 
through an angle exceeding li^o^ from its original p< sition. The plate 



February 13th, 1907. Six stays on the right side, 2 at the top, and 
2 belly stays were found to be broken. No mention, however, is made 
of the 4 stays on the left-hand side which were found broken at the 
previous examination and which had not then been renewed. 

It was thought by Mr. Laws that the engine went into the shed for 
repairs about the end of February and came out again on March 23rd, 
when 43 stays were renewed (11 on the right side, 11 on the left, 16 in 
the back plate, 5 in the tube plate), and 2 belly stays. 

April loth, 1907. Several tubes were found to be short, and 12 
roof stays required renewing. There is no evidence, however, of these 
stays having been renewed. 

May 1st, i«jo7. Several stays were reported as having short heads. 

May 2nd, 1907. One stay bolt was renewed. 

May 17th, 1907. Twenty stays were caulked. 

June 3rd, 1907. Reported that the roof bolts required renewing, and 
that several tubes and 50 stays were short. It is important to note here 
that previously, on March 23rd, Mr. Laws had reduced the load on the 
safety valves from 170 to 160 lbs. per sq. in. owing to the condition of 
the firebox. 

The engine continued to work without proper repairs being made to 
the boiler, and on several occasions when it was out previous to the 
explosion the drivers found a difTiculty in maintaining sufficient steam 
to haul the usual full load, and the train, which had been marshalled 
for the engine to take away when the explosion occurred, was com- 
posed of only 20 loaded trucks, in consequence of the driver having in- 
formed the shunter that the engine was unable to take a full load, 
which is said to be 26 loaded trucks. 



was then blown to the left-hand side of the boiler, its fl ght in that 
direction being due to the bottom edge remaining attached to the 
foundation ring until the last. The failure of the side stays described 
iibove occurred with extreme rapidity, the whole operation lasting prob- 
iiblx less than a second. The driver was found near the left-hand side 
<jf the engine fatally injured. 

The engine was constructed by Messrs. Kitson and Co., Leeds, in 
i<>oi, for a working pres«iiire of 170 lbs. per square inch. Before leaving 
the makers* works the boiler was tested by hydraulic pressure to 240 lbs. 
I>er square inch, or 1*41 times the working pressure only. In 1902 the 
•ngine was placed under the charge of Mr. Edward B. Laws, loco- 
motive foreman of the Cudworth fiisirict. In 1905 the engine was in 
the chief repairing shop for a thorough overhaul, since when the repairs 
done to it have bvt^n under the direction and responsibility of Mr. Laws. 
The latter, in hi-» evidence, gave details of examinations made, and 
repairs executed to the firebox since l^ecember of last year, which are 
;i- follows : — 

December, ii|0<}, 41 •.ta)*; renewed, viz.: 27 on the right and 14 on 
the left side. 

Januar\ 4th. 1Q07. It was found that 50 of the ferrules in the tube 
ends required renewing, and that 4 stays on the right side, 4 on the left, 
and 2 belly siav'» were broken. It does not appear, h«>wever, that these 
•t.iNs \vfn» renewed until the J3r<l March. 



. ..^. •iiwvr.-k »^««ij c:.^^!!!!!!^^ vjij inr uay picviuua» lu ine explosion dV 
a boilersmith named Ben Tilloison, at Cudworth, and although he states 
that he did not think the firebox was in a dangerous condition, he 
verbally reported to the foreman, Mr. Laws, that it was time the engine 
went into the shop for a proper overhaul owing to the condition of the 
-stays in the firebox. He further stated that he had previously made a 
similar report about the boiler to Mr. Laws. 

The last time Mr. Laws saw the inside of the firebox was on 
September 21st, when it was inspected by him in its regular turn. He 
staler that he thought there was nothing wrong with it, but in conse- 
quence of Tillotson's report he had arranged that the engine should be 
sent into the shop ai soon as another one. No. lob, which was then 
being overhauled, was ready to take its place. It would appear, there- 
fore, that he himself was not satisfied with the condition of the boiler 
that exploded, but no steps were taken to ensure that it was in a safe 
condition, and .Mr. Laws made no special examination of the boiler 
himself except in its regular turn, which examination must have been 
somewhat superficial, otherwise it must have been apparent, on con- 
sideration, that some of the stays could only have been attached to the 
plate by two or three threads, or possibly less, as the bulging of the 
plate between the slay holes — which occurs in nearly all fireboxes after 
they have been working for a considerable time, and which was visible 
on the parts of the firebox not affected by the explosion— has a tendency 
to make the stay holes somewhat conical, thus drawing the threads at 
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the back of the stay holea away from those on the stays and throwing 
the load wholly on those at the tips of the stays. Further, the tensile 
strength of copper falls about 40 per cent, at the temperature to which 
the ends of the stays are raised in working conditions. It was observed 
after the explosion that the threads on some of the short stays had 
practically vanished at the parts in the stay holes owing to continued 
movement of^ the plate on the stay, and repeated caulking of the end. 

Mr. Stirling, locomotive superintendent, examined the boiler after 
the explosion, and he stated that the condition of the right-hand side of 
the firebox was such that if he had seen it before the explosion occurred, 
he thinks he would not have allowed the engine to go out on the line. 
The right-hand side of the firebox, however, was not affected by the 
explosion and was obviously in a better condition than the side that 
failed. Mr. Stirling was also unaware that the working pressure of 
the boiler had been reduced. 

After the explosion a number of the firebox stays on the left-hand 
side were found to be broken, chiefly at the two upper corners. 5>ome 
of them had been broken for a considerable time, others were partly 
broken before the explosion occurred, and others again appeared to have 
been broken by the explosion, the fractured surfaces appearing to be 
quite new. The number of old broken stays and partly broken stays 
at the upper forward corner had become a matter of serious moment, 
but the explosion did not occur in consequence of the condition of ihese 
stays; the bulge which led to the failure of the side could clearly be 
seen, upon a close examination of the stay ends and stay holes, to have 
originated near the bottom where the group of short stays exised, and 
these stays should have been renewed in June last at ihe latesi ; and a 
serious error of judgment was committed in continuing to work the 
engine without having had them renewed. 

From the evidence given by locomotive foreman Laws and boiler- 
smith Tillotson, it is clear that both these men were fully aware that 
the time had come when this engine should have undergone a regular 
overhaul. Further, the faulty condition in which the right-hand side of 
the firebox was found after the accident was, as admitted b> Mr. M. 
Stirling, such that the engine ought not to have been sent oulon to the 
line. It is mainly, therefore, to an error of judgment on foreman Laws' 
part, in allowing this engine to continue at work on the line, that this 
accident must be attributed. 

^/ Kilrane, G.S. and W.R. On Septanher iSth. Lieut. Coi, P. G. 
von Donopt R.E,^ reports thai : — 

The 9 p.m. up passenger train, Kilrane to Wexford, consisting of an 
engine and 5 vehicles, was run into by a light 4-coupled tank engine 
fitted with the vacuum automatic and hand brake«i on the coupled 
wheels, from Wexford for Bally geary. 

Both engines were severely damaged, as also was one vehicle of the 
passenger train. Bolh drivers and firemen were seriously injured, a 
locomotive foreman travelling on the light engine was fatally injured, 
and 3 employees of the Co. were slightly injured. There were no other 
passengers. 

Kilrane Station is on the \V>xford-Rosslare branch of the G.S. and 
W.R. The line is .single, and up trains run in the northerly direction. 
K'lrane is a tablet station, but passenger trains cannot be crossed at it ; 
a goods loop is provided on the east side of the passenger line, so as to 
enable a passenger train to cross a goods train or a light engine. The 
loop is, altogether 850ft. long, and the facing points at each end lie 
normally for the passenger line. On the west side of the passenger line 
is the platform, 140ft. long. 

The next tablet station north of Kilrane is Rosslare Strand, distant 
2 m. 607 yds. ; and the next tablet station to the south is Ballygeary, 
distant 1,276 yds. The gradient approaching Kilrane from Rosslar** 
Strand falls at i in 1,216 for about i^m. 

The signal-box at Kilrane is on the east side of the line, 25 yards to 
the north of the north end of the station platform, and the facing points 
at the north end of the loop are 155 yds. north of the signal-box. 

An up starting signal for the passenger line is fixed on the west 
side of that line, 16 yds. north of the signal-box ; a down home signal 
for the passenger line, 17 yards north of the facing points at the north 
end of the loop ; a disc signal for entering the goods loop, immedidtely 
under the down home signal ; a down distant signal 800 yds. north of 
the down home signal. There is an overbridge crossing the line 
770 yds. north of the down distant signal. The south end of the station 
is similarly provided with home and distant up signals. 

The engine of the passenger train was standing almost immediately 
opposite the signal-box. 

A driver approaching Kilrane from Rosslare Strand obtains a good 
view of his signals, but at the time that the accident occurred the 
weather was fogg}- ; the evidence as to the density of the fog being, 
however, somewhat contradictory. 

The passenger train had to run ** empty '* in the up direction from 
Ballygeary to Kilrane, before starting from the latter place as a regular 
up passenger train. Accordingly, at 8.49 p.m., the signalman at Bally- 
geary offered signalman Fitzgerald, who was on duty in the Kilrane 
signal-box, this empty train, and the latter accepted it forthwith, keeping: 
however both distant' and home up signals at ** danger,'* and the facing 
points at the south end of the loop lying in their normal position, 
namely, for the passenger line on which the empty train had to run. 
At 8.54 p.m. the signalman at Rosslare Strand offered Fitzgerald the 
light engine, and, as the arrangements at Kilrane were suitable for 
crossing a light engine with a passenger train Fitzgerald accepted it 
forthwith ; he kept, however, both his distant and home down signals 
and the disc signal for entering the goods loop at " danger,*' but he 
left the facing points at the north end of the loop lying for the passenger 



line instead of for the goods loop, along which the light engine should 
have run. Both trains therefore were allowed to approach the citation 
simultaneously with the facing points at each end of the loop set for the 
one passenger line. 

The Company's Regulation stales that the *' line clear " signal should 
not be given at a crossing station unless the facing points are set for 
the line on which the approaching train has to run. Fiugerald clearly 
did not carry out this Regulation as for as the points at the north end 
of the station were concerned ; his explanation for not doing so is that 
had he set those points for the goods loop he would have been unable, 
on account of the interlocking of his levers in the signal-box. to have 
admitted the empty passenger train into the station. It was found on 
examination of the interlocking that this was to a certain extent the 
case, as the up home signal for admitting the up train into the station 
could not be lowered unless the loop points at the north end of th«* 
station were lying for the passenger line. This interlocking is not that 
which is u'-ually adopted at similar crossing places, and it should be 
altered ; there was, however, nothing to have prevented Fitzgerald from 
setting the facing points at the north end of the station for the loop 
before accepting the light engine, and then keeping the empty passenger 
train outside the station until the light engine had come to a stand at 
the signals at the north end of the station. There would then have been 
no danger in shifting the points at the north end of the lo<jp, and 
lowering the up home signal for the passenger train to draw up to the 
platform. 

From the evident e there can be no doubt that the fog was at times 
one of ct)nsiderable density, and the fact that neither of the drivers saw 
the other engine until the collision actually 0(«urre<l is strong proof 
that this was the case. It is probable that, ^< slated hy the harbour- 
master, it was a rolling fog, and that at tini**s ^iijnaU were only visible 
from a very short distance. The tonditions np|)ear to be «iuch as to 
call for the employment of fog-men, and the station-master committed 
an errcr of judgment in not tailing them out. In thi^ connection it 
must be noted that it appear*- from the evidence ihat fog-men and fog- 
signals have never been made use u\ at this siatiim at all. This seems 
strange, as fogs are undoubtedly prevalent in the locality. The matter 
in worthy of the Company's attention. 

It is probable that the speed of the light engine at the facing poini«i 
was considerably over thai estimated (uS miles an hour) by driver 
Duggan, and under those circumstances it cert.iinly appears that he 
failed to exercise proper care in approaching the sialion. 

It transpired that the disc signal for entering the goods loop \^ not 
usually made u-^e of, but that it haw been customary for the signal for 
entering that loop to be given by a hand signal from the signal cabin. 
It was further admitted that (in the night in question, as well as on 
previous nights, there was no lamp in this di»c Mgnal. so that at the 
time of the accident it could not jMJSsibly have been made us»« of. The 
fact of this di^c signal not having been made us.* of appears (o h.ive 
been another contributory cause of this accident. Driver Duggan, who 
was in charge of the light engine, states ihat he always relied on 
receiving a hand signal from the signal-box for entering the goods loop, 
and that that hand f»ij;nal was sometimes given without the di*c signal 
being mnde use of at all. On this occasion he expected to be put into 
the goods loop in order to cross the passcnfjer train. .\s \\\^ disc signal 
was not lighted, he >hould, according to Rules, have treated that signal 
as being at "danger," but it is evident that, knowing that the dis*- 
signal was not usuall\ made use of, he disregarded the fact of its m t 
being lighted, and ran on, expecting to find that a hand signal wa* being 
given him from the signal-box. 

Signalman Fitzgerald states that the reason for not making use of 
the disc signal was that it was out of order ; but he admits that he had 
never reported this fact to anyone. Mr. O'Callaghan, the stationmaster 
at Kilrane, states that it had once been reported to him that the disc 
signal was out of order, but that on receiving this report he examined 
the signal and satisfied himself that it was working all right. Signal- 
inspector Talbot states that he has no recollection of ever receiving any 
notification that the disc signal was not in working order. A few day« 
after the accident he came to Kilrane to examine the signals, but his 
visit was not made on account of his receiving any special report 
concerning them. He states that before doing anything to the signals 
he tried them, and he found that they were working correctly, l^le 
allows that subsequent to examining them he oiled them, but he st»-*tes 
that, as far as he was aware, there was nothing wrong wUh the disr 
signal on his arrival. From this evidence it appears to me to be very 
doubtful whether there was anything amiss with the working of the disc 
signal, but, if there were any defect in it, the responsibility lies on the 
station officials for not having taken proper steps to repcirt the matter 
to the Signalling Department. 

As regards there being no lamp in the disc signal, signalman Fitz- 
gerald Slates that there was no lamp available for the purpt^ise. and that 
it was on that account that he had always given a green hand-light ta 
the driver for entering the loop. Mr. O'Callaghan, the stationmaster, 
admits that he knew that it h.id not been the custom to light the di.sc 
signal, the reason being that they were short of lamps. He states thar 
he had telephoned to Waterford for additional lamps, but he admit? that 
he had never reported the matter formally to the signal inspc*ctor. There 
is no doubt that there was a deficiency of lamps at the time of the 
accident, and for this again the station officials must be held re-ponsible. 
It is evident that the working at Kilrane Station has been carried 
out, in several respects, in a very irregular manner, and that this acci- 
dent was, to a great extent, due to these irregularities. The manage- 
ment of the station certainly seems to call for some special fupervision 
on the part of the Company. 
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Lord Cottesloe has, on account of advancing age, re- 
signed the chairmanship of the L., Brighton and South Coast 
R. , which position he has held for 1 1 years^ and the Rt. Hon. 
Earl of Bessborough, director, has been elected to suc- 
ceed him. Lord Cottesloe does not, however, leave the 
Board. 

Lord Kenyon, of Gredington, North Wales, has been 
elected a director of the L. and North Western R. in place 
of Sir Thos. Brooke, who has retired. 

Mr. Chas* Poston, director, has been elected deputy 
chairman of the Hull and Barnsley R. in succession to Mr. 
Wm. Trotter, who has resigned. 

Mr. Harry Wainwright, locomotive engineer to the 
South Eastern and Chatham Joint Managing Committee, has 
had the 4th Class of the Order of the Royal Prussian Crown 
conferred upon him by the German Emperor. 

Mr. C. Lowndes, district superintendent of the L. and 
North Western R. at Birmingham, has been appointed to 
succeed the late Mr. H. Linaker as district superintendent at 
Manchester; Mr. L. W. Home, district superintendent at 
Chester, succeeds Mr. Lowndes at Birmingham; and Mr. 
Warner, who has for some time been Mr. Turnbull's out- 
door assistant at Euston Station, succeeds Mr. Horn at 
Chester. 

Mr, J. E. Lreggatt, chief clerk in the rates department 



of the general manager's office, has been appointed goodSs 
manager of the Midland Great Western R. of Ireland in suc- 
cession to the late Mr. Morrison. 

Mr. E. H. Hiley, chief passenger agent, Great Northern 
R., has been appointed district goods manager of the North 
Eastern R. at Hull from the ist April, when Mr. A. E 
Ballan retires, and Mr. D. C. Adam, assistant district 
superintendent at Hull, has been appointed dock superinten- 
dent. 

An advisory committee, consisting of Messrs. Edwin 
Waterhouse (chairman), Mr. Spencer Phillips, Mr. 
Marlborough Pryor, Mr. Thomas Skinner, and Mr. 
John Akroyd, with Mr. Lynden Macassey as secretary, 
has been formed for the purpose of considering, in conjunc- 
tion with the board and Messrs. Speyer, a scheme dealing 
with the profit-sharing secured no^es and the financial re- 
quirements of the Underground Electric Railways Company 
of London, Ltd. 

SiNXE our last issue several prominent men in the railway 
world have passed away. Sir Henry Whatley - Tyler 
died at his residence in London on 30th January, in his 82nd 
year. He was deputy -chairman of the Great Eastern R., 
chairman of the Westinghouse Brake Co. and the Peruvian 
Corporation and most of its railways, besides being on the 
directorates of several other companies. He was chairman 
of the Grand Trunk R. of Canada from 1875-95. He was 
formerly in the Royal Engineers, and became Chief Inspector 
of Railways at the Board of Trade. 

Mr. R. J. Morrison, goods manager of the Midland 
Great Western R. of Ireland, died at Dublin on 30th 
January. He entered the old Belfast and N. Counties R. in 
1871. In iSgr he was appointed goods superintendent at 
North Wall for the Midland Great Western R., and in 1893 
goods manager. 

Lt.-Genl. Sir Richard Strachey, G.C.S.I., died on 
the i2th ultimo, at the age of 91. In 1871 he was appointed 
Inspector-General of Railway Materials and Stores at the 
India Office, and was for many years chairman of the East 
Indian and the Assam-Bengal railways. 

Mr. Cornelius Lundie, consulting director, and* for- 
merly for 43 years general manager, of the Rhymney*R., 
died on the 12th ultimo, at the age of 93, at Cardiff. 

Mr. Alfred Baldwin, chairman of the Great Western 
R., died very suddenly of heart failure on the 13th ultimo. 
He had attended a board meeting of the Company, and was 
to have presided at the half-yearly meeting on the following 
day. He left Paddington in a hansom cab, and drove to his 
residence at Kensington Palace Mansions. He ascended the 
steps and reached the hall without assistance, but was taken 
ill directly he entered, and expired in 20 minutes. He was 
born in 1841, and was the youngest son of the late Mr. G. P. 
Baldwin, iron founder, Stourport. He entered business early 
in life, and in 1902 he combined his business with several 
others into Baldwin's, Ltd., with a capital of ;^ 1,1 00,000, 
and of which he was chairman. He joined the board of the 
Gt. Western R. in 1901, and succeeded Lord Cawdor as 
chairman in 1905. He was also chairman of the Metropolitan 
Bank (of England and Wales), Ltd. He was M.P. for 
Worcestershire (Bewdley division) since 1892. 

Mr. Wm. Greenaway, chief inspector, loco, depart- 
ment, Gt. Western R., died on the 20th ultimo at Swindon, 
aged 64. He had been in the service of the company 40 
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years. He was generally on the engines of important Royal 
specials, including the late Queen Victoria's jubilee and 
funeral trains, also when the Prince of Wales was taken 
from Paddington to Plymouth — 246 miles in 234 minutes — 
by the '*City of Bath/' 



Board of Trade Railway Enquiry. 

It is evident from the utterances of railway chairmen that 
they did not want ** conciliation " and that the agreement 
was only accepted under* threats of drastic legislation 
flavoured with specious promises of an enquiry with a view 
to ameliorating the unsatisfactory conditions under which 
railway companies are compelled to work. A conference to 
investigate the railway services of the country and the rela- 
tions of the railv/ays to commerce has been got together by 
the President of the Board of Trade. It consists of the fol- 
lowing members : — 

Representing the Board of Trade: — Mr. D. Lloyd-George, 
chairman; Mr. Hudson Kearley, M.P., Parliamentary Secre- 
tary; Mr. H. Llewellyn Smith, C.B. , Permanent Secretary; 
Mr. G. R. Askwith, K.C., Assistant Secretary in charge of 
the Railway Department. 

Representing the Railways^ general managers nominated 
by the Railway Companies* Association :--Sir C. J. Owens, 
South Western R. ; and Messrs. A. Heasley, Taff Vale R. ; 
A. K. Butterworth, North Eastern R.; Sam Fay, Great 
Central R.; W. Guy Granet, Midland R.; J. C. Inglis, 
Great Western R. ; and W. F. Jackson, North British R. 

Other Members, selected by Mr. Lloyd-Gcorgc :— Mr. 
Frank Forbes Adam, ex-president of the Manchester Cham- 
ber of Commerce; Sir W. T. Lewis, a large coalowner; Mr. 
W. Burton, general manager of an important firm in the 
Potteries; Mr. Ratcliffe Ellis, secretary, Coalowners' Asso- 
ciation ; Mr. O. D. Johnson, representing agriculture ; Mr. 
W. H. Mitchell, J. P., vice-president. Associated Chambers 
of Commerce; Mr. Alfred Mond, M.P. (Brunner, Mond, and 
Co.); Mr. E. Moon, K.C. ; Mr. Alexander Siemens (Siemens 
Bros, and Co.); and Mr. J. A. Spender, editor of the l^'est- 
minster Gazette. Wq presume the last-named represents the 
interests of the-man-in-the-street. The results of the en- 
quiries and deliberations of this conference will be awaited 
with much interest, as it seems evident that what the Board 
of Trade wants to find out is whether the railways can be 
given anything which they can hand over to the traders. 
The object of the advanced section of the present Govern- 
ment appears to be to reduce — by any means — the railways to 
a non-paying condition with the ultimate object of buying 
them at a low price. 

The Nationalisation of Railways was recently debated in 
the House, and Mr. Lloyd-George said he had come to the 
conclusion that our railways do favour the foreigners in the 
matter of rates. Those who have studied the question at 
least as long and probably more deeply have arrived at a 
different conclusion. And when cases have been brought 
before the Railway and Canal Commission the companies 
have usually been able to justify any difference in the rates 
by difference in the services rendered due to packing, 
handling and loading, and by the regularity and size of the 
foreign shipments. One of the great differences between 
foreign shipments and inland shipments is that there are no 
returned empties for the former. One has only to stand in 



a goods dep6t, e.g., the tranship shed at Crewe for a ^hort 
time to get a good idea of the extra labour which ** returned 
empties " throw upon railway companies. In many cases 
the empties are not worth the carriage, and when they are 
they often weigh nearly as much empty as full, and, with 
the exception of sacks and such like, occupy as much space 
and necessitate as much clerical labour. All this has to be 
paid for, and the rate on the goods must and docs include 
it. Take for example pianos. The case which the German 
instrument is imported in is not returnable for love or money, 
whereas the travelling case of the English instrument is re- 
turned as if it were made of gold. The same remarks apply 
to flowers, fruit, bicycles, hardware, pottery and hundreds 
of other articles. 

The abolition of the private owners* wagons is another 
subject which should engage the attention of the conference, 
but it is really only another phase of the ** relumed empty " 
question, aggravated by the fact that most of the wagons 
arc not owned by shippers, but by middle men, who make 
huge profits which the man-in-the-strect thinks go into the 
pockets of railway shareholders. 

To the House of Lords for 6s. 6d. 

It is to be hoped that there was some great principle involved 
in the case which the House of Lords decided on the 4th 
ultimo, the facts of which are briefly as follows : — In October, 
1905, Messrs. Phillips and Co., Ltd., sent a truck of coal to 
Loudwatcr and then ordered the empty to the Blaen-cac- 
Garwcn, S. Wales, colliery to be filled and sent to a customer 
at Hampden-in-Arden. The Gt. Western R. Co. made no 
charge for taking the empty to S. Wales, but there was some 
delay in doing so and they offered to pay 6d, per day demur- 
rage for the 4 days. But Messrs. Phillips said that to fill 
their contract they had been obliged to hire an emergency 
wagon at a cost of 8s. 6d.^ which they demanded and which 
the Gt. Western R. refused to pay and were sued therefor in 
the Marylebone C.C. But the judge decided that he had 
no jurisdiction to settle the matter, as it was one which the 
G.W.R. Rates and Charges Act, 1891, said should be settled 
by an arbitrator appointed by the Board of Trade. This 
decision was unanimously upheld by the House of Lords and 
an arbitrator can now be appointed to settle whether the 
G.W.R. Co. shall pay Ss. 6d or zs. This is the kind of case 
that is constantly arising out of the system of private owner- 
ship of wagons in vogue in his country. 

Right to Increase Coal Carriage Rates. 

The main reason why railway companies are unable to reduce 
their rates in bad times is that they are seldom allowed to 
ever raise them again. There are, however, exceptions. On 
the 1 2th ultimo the Railway and Canal Commission decided 
that the North Staffordshire, the L. and North Western, and 
the Gt. Western railways were justified in raising their rates 
from certain collieries in North Staffordshire to Birkenhead 
and Ellesmcre Port, and dismissed (by a majority) with costs 
the application of the North Staffordshire Colliery Owners' 
Association. 

A group rate had been in force to the ports on the Mersey 
for years before the reduction took place in 1895, when at 
the earnest solicitation of the collierj' owners it was reduced 
in order to keep the pits open. The price of locomotive coal 
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was then 6s. gd, per ton. In 1900, when the Boer war was 
proceeding, and everything connected with railway working 
increased in price, locomotive coal being 145. 3 J. per ton, 
the rate was raised to the old level. In 1904 the rate was 
again reduced to the 1895 level, except to the two ports 
above-named, and it was against this increase that the un- 
successful application was made to the Court. 

German State Railway Methods. 

During the enquiry into the alleged South African shipping 
ring, Sir Donald Currie gave an emphatic denial to the state- 
ments that British shipowners charge lower rates from Con- 
tinental than from British ports, and said that *' the State 
•* railways of Germany allow to the German East African 
** Mail Line exclusively reduced railway carriage rates from 
** inland towns upon German manufactured goods, provided 
** they are shipped at Hamburg by the steamers of the Ger- 
•• man East African Line, which sail under the German flag, 
•*and not by British steamers.** Continual protests have 
been lodged with our Government and with the German 
lines, which have rate arrangements with the British lines, 
against such unfair treatment, but of course without result. 
These inland rates to Hamburg often enable merchants to 
place orders, which ought to be executed in this country, 
with German manufacturers. These arc the kind of tactics 
that Mr. Lloyd-George expects our railways to compete 
against. Wc wonder what would be said if one of our rail- 
way companies proposed to give special export rates provided 
the goods were shipped by a particular line of steamships ! 

«*Tips*' are Wages. 

A CASE of some importance to railway companies has been 

recently decided by the Court of Appeal. 

A waiter named Williams, in the employ of Spiers and 
Pond, Ltd., was killed when on duty on a restaurant train on 



the L. and South Western R., on which the defendants are 
refreshment contractors. The defendants admitted liability 
under the Workmen's Compensation Act, 1906, to pay com- 
pensation based on the ** earnings ** at the rate of 25s. 
weekly, but the man*s child claimed that the ** tips ** his 
father received were 10 to 125; a week more. 

The Master of the Rolls (Lords Justices Moulton and 
Buckley concurring) said the Wandsworth C.C. Judge had 
rejected the applicant's claim on two grounds : first, because 
** weekly earnings '* meant earnings between employer and 
employee and nobody else; secondly, because the evidence 
did not show any express and distinct bargain, as opposed 
to an implied bargain, that the employee should retain the 
tips in addition to his wages. In the opinion of the Court, 
neither of these propositions could be supported. Where the 
employment was of such a nature that the habitual giving 
and receiving of tips was open and notorious, and sanctioned 
by the employer, the money so received should be included in 
estimating the ** average weekly earnings ** of the servant. 

Result of Removing the Coal Tax. 

There can be no doubt as to* the result of removing the ex- 
port duty on coal. The Continental demand, especially from 
Germany, for our coal has been enormous, and the factories 
and railways there have been worked more cheaply than 
they could have been without our coal, but in our own 
country only the miners and colliery owners have benefited 
by the high prices everyone has had to pay. The coal bills 
of the principal railways for the past half-year show the fol- 
lowing increases : — 

L. and North Western, ^ 157,467; Gt. Western, 
;jQ6yyi2S\ North Eastern, ;^43»679; Gt. Central, £s^i^39* 
Gt. Northern, ;^'48,ooo; Gt. Eastern, ;£r43,i88; Lanes, and 
Vorks, £^36,541; L. and South Western, ;^36,42o; South 
Eastern and Chatham, ;£^ 3 1,000; L. Brighton and S.C., 
;^io,953; Midland, ;^89,oi8. 

These increases are of course 
partly due to increased train 
mileage, e.g,^ the North Western 
R. ran 395,724 more pas- 
senger and 733,653 more goods 
train miles and the Great Wes- 
tern R. 545,764 more passenger, 
188,578 electric, 30,372 rail 
motor and 342,914 goods train 
miles, but the Brighton Co. con- 
sumed rather less coal. 

The All-Bpitish Route from 
Euston to Japan. 

We reproduce herewith a parti- 
cularly striking poster which has 
been issued jointly by the L. and 
North Western and the Canadian 
Pacific railway companies, with 
a view to popularise the *'A11 
British '* route to the East vi^ 
Canada. It is also hoped by this 
means to foster trade vi4 the 
Canadian Pacific R., as the 
trains and steamers connect 
closely, the sailings are frequent, 
the fares inclusive, the scenery 
beautiful and grand, and the 
accommodation luxurious. De- 
scriptive pamphlets can be ob- 
tained at all the principal offices 
of the L. and North Western 
and Canadian Pacific railways. 
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New North Western Irish Service. 
Lord Stalbridcb, at the half-yearly meeting of the L. and 
North Western R., announced that on the ist April the day 
service between Holyhead and Dublin would cease to run 
to and from North Wall, and would be transferred to Kingston. 
The new train in connection will leave Euston at 1.20 p.m. 
and the passengers will arrive at Kingston at 9.50 p.m., and 
in the other direction the North Western express steamer 
will leave Kingston at 1.45 p.m., the passengers arriving at 
Euston at 11 p.m. The night service to and from North 
Wall will not be altered for the present. 

The company have apparently been driven away from 
Dublin by the Port and Docks Board, who seem to have 
thought that the L. and North Western R. was a ** Saxon *' 
company that might be milked, so they framed a new schedule 
of dues, by which the payments by the L. and North Western 
R. were to be raised from ;^i 2,000 to £2^,000 per annum, 
and all other interests left practically untouched. As the 
company is suffering from want of berthing accommodation 
at Dublin the removal of two boats to Kingston will give 
relief, and at the same time the alteration of the times of 
departure will be more convenient for the public, especially 
business men and those passengers from beyond London and 
the interior of Ireland. Incidentally the new service will 
benefit the Dublin and South-Eastern R., in which the L. 
and North Western have a large interest, and compete for 
this traffic more effectively with the Fishguard route. 

North British and Caledonian Agreement. 
The directors of the Caledonian R. held a rather unique 
meeting recently, when 75 station-masters and traffic inspec- 
tors were in attendance in the Board room. The subject of 
discussion was the new agreement with the North British 
R. and the working of the traffic in connection therewith. 
The idea was to get an expression of opinion from the officials 
directly concerned with the controlling of the traffic, so that 
a proper understanding could be arrived at among all con- 
cerned. In this respect the meeting was a most successful 
one, and it is to be hoped the directors will have realised the 
importance of having more of such meetings. Good results 
can only follow bringing the directors and such officials in 
closer touch upon all questions affecting the better working 
of the system. 

L. and North Western Board. 

The Chairman announced at the half-yearly meeting that it 
was not intended to fill the vacancy caused by the retire- 
ment of Mr. Wm. Louther, and that when another vacancy 
occurs the shareholders will be asked to reduce the number 
of the directors to twenty. 

Cordiogley's Motor Show. 

On the 2ist inst. Cordingley*s 13th International Motor Ex- 
hibition will open at the Agricultural Hall, London, and close 
on the 28th inst. Both business and pleasure vehicles \yill 
have a large display; not only will many new types of British 
automobiles be seen for the first time, but several important 
newcomers are expected from the Continent. The display of 
heavy vehicles will be comprehensive. 

New Motor Speed Records. 

On the 18th ultimo at the Brooklands Racing Track Mr. F. 
Newton, on a 60 h.p. Napier car, created five new speed 
records, viz. :— 50 miles in 35m. 7-36sec (85-4i3m. p.h.); 100 
miles in 70m. 20*3isec. (85*302m. p.h.);. 150 miles in io6m. 
6*i7sec. (8482m. p.h.); 1 hour, distance covered 85m. 
555yds.; and 2 hours, distance covered 169m. 6i5'6yds. 

North Eastern Railway Receipts. 

Last half-year the receipts of the North Eastern R. exceeded 

^10,000,000 for the first time in the history of the company. 



0-8-4 Three-Cylinder Shunting Tank Engines, G.O.R. 

The annexed illustrations show the heaviest and most power- 
ful shunting engines at work in this country. 

In our issue for last May we gave a diagram and some 
particulars of these engines, which had then recently been 
designed by Mr. John G. Robinson, M.Inst.C.E., chief 
mechanical engineer of the Great Central R., and 
which were being built by Messrs. Byer, Peacock 
and Co., Ltd., at Gorton. One of these engines has 
been delivered and has for some weeks been doing the 
particular work at the Great Central R. Co.'s 
New Concentration Y^rd at Wath*, for which it was de- 
signed, and its performance has more than fulfilled its de- 
signer's expectations. 

The Concentration Yard at Wath is laid out on the 
*' hump *' plan, and it is the duty of these engines to push 
trains of 70 wagons (about 1,050 tons) up a gradient of i in 
109 to the top of the '* hump " so that they may gravitate to 
the '* gridiron " sorting sidings. 

In this work the engine, of course, gets no assistance 
from slack couplings, and must have great adhesion power 
and a constant and equal turning effort at the cranks. For 
these reasons three simple cylinders, with their cranks set at 
120"^ to each other, were adopted, as such an arrangement 
gives a more equal turning effort than either two or four 
cylinders do. The maximum variation in full gear is only 
about 5% on either side of the mean, so that the engine has 
the starting and non-slipping qualities of an electric loco- 
motive. 

Another great advantage of this arrangement is that it 
enables the principal parts to be interchangeable with exist- 
ing classes of Great Central engines, e.g.^ the boiler is 
exactly similar to those of the *' Atlantic *' engines; the 
wheels, axles, axle-boxes, coupling and outside connecting 
rods, and motion are exactly like those of the 8-coupled 
mineral engines; and the inside motion is similar to that of 
the latest class of 6-coupled goods engines. 

The work is intermittent, and therefore it was not neces- 
sary to provide the boiler with more than sufficient heating 
and grate surface. The weight is made up by ample capacity 
for water and coal. It might be thought that such large 
tanks were not necessary for an engine intended to work in 
a yard well provided with water cranes, but it must be 
remembered that axle loads are of less moment on the Wath 
sidings than they are on the running lines. 

The quick handling of these engines is ensured by Mr. 
Robinson's steam and cataract reversing gear, which we shall 
illustrate in detail, with general sectional drawings of the 
engine, in our next issue. 

All the wheels (including the bogie wheels) are braked, 
the pressure being applied by steam controlled by a valve 
worked either by hand or with the vacuum brake. 

In connection with this engine it may not be out of place 
to draw attention to the great increase in the tractive power 
of the goods engines on the Great Central R. in the last few 
years. The first engines designed by Mr. Robinson for the 
railway were the powerful 6-coupled goods engines known as 
the '* 973 ** class, and which came into service in September, 
1 90 1, and had a greater haulage capacity by 15 % than the 
most powerful goods engines then on the railway. In 
November, 1902, the 0-8-0 type with outside cylinders, and 
known as the ** 1052 '* class, commenced working the heavy 
mineral traffic. These engines developed a tractive power 
50 % greater than those of the '*973*' class. Finally the 
engines for Wath have a tractive effort 50 % greater than the 
** 1052 *' engines. 

Engine Renewals, G.C.R. 

The chairman, Sir Alex. Henderson, Bart., stated at the half- 
yearly meeting that during last year 35 new engines, weigh- 
ing 2,402 tons, had been turned out on revenue account at 
Gorton to replace 35 old engines, weighing 1,732 tons. Also 
that 87 new boilers were fitted as against 45 in 1906. 

•Fully described and illustrated in TAc Railway En^imer^ March, 1907. 
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The largest and most powerful express engine ever built for 
service in this country was turned out of the Swindon works 
of the Great Western R. last month. It has the 4-6-2 or 
** Pacific " wheel arrangement, and, as will be seen from the 
annexed illustrations — for which we are indebted to the 
courtesy of Mr. G. J. Churchward, M.Inst.C.E., who 
designed the engine — that it has a handsome appearance, 
notwithstanding its great length and the restrictions imposed 
by the limitations of the load gauge. 

The engine has four (simple) cylinders, and as regards 
the motions Mr. Churchward has followed closely the 
arrangements he designed for the ** Star ** class. The inside 
cylinders drive on to the leading (cranked) coupled axle and 
the outside cylinders on to the middle coupled wheels. All 
the valves are of the piston type, and are worked by two 
sets of gear arranged inside the frames. The method of 
working the two valves by one gear is not unlike that 
adopted by the late Mr. Webb for some of his compound 
engines, but the disadvantages of the system do not apply to 
pairs of simple cylinders which are, so to speak, only divided 
for convenience and do not lequire their cut offs differen- 
tiated. 

The engine is fitted with the ** Swindon ** superheater, 
the working pressure being 225lbs. per sq. inch. 

The boiler barrel has coned rings 6ft. to 5ft. diam. and a 
wide firebox with a short inclined front'** leg. " It is, we 
believe, the largest locomotive boiler yet built for such a 
high working pressure. 

The weights given on the diagram are " estimated,*' but 
the actual weights do not, we understand, differ very 
materially therefrom, the total actual weight of the engine 
being 97 tons 5 cwt. and that of the tender (maximum) 45 
tons 15 cwt., total 143 tons. 

The tender is mounted on two 4-wheclcd bogies, and is 
the first of the kind ever built for the (ireat Western R. It 
is, however, when compared with the tenders on other lines, 



remarkably small for the size of the engine. This is, of 
course, due to the fact that the Great Western R, is now well 
equipped with water troughs. 

The principal dimensions are as follows : — • 

Cylinders (4): i5in. diam. by 26in. stroke; steam ports 
25in. by i|in. ; exhaust ports 25in. by 3in. 

Wheels: Bogie 3ft. 2in. ; coupled 6ft. S^in. ; trailing 3fL 
6in. 

Boiler Barrel: 5ft. 6in. and 6ft. outside diam. by 23ft. 

Firebox Shell: 6ft. 6in. and cjft. cfin. by 8ft. long outside. 

Firebox Inside: 5ft. S^in. (front) and 4ft. 11 Jin. (back) 
by 7ft. 2^in. by 6ft. 5t^in. (front) and 5ft. 2T^in. (back) high 
inside. 

Tubes: 84 superheater tubes i^in. diam, by 21ft. 4in. ; 
141 fire tubes 2iin. diam. by 22ft. 7in. long; 21 fire tubes 
4Jin. diam. by 22ft. 7in. ; 4 arch tubes 3§in. diam. by 7ft. 
S^in. long. 

Heating Surface: Superheater tubes, 545 sq. ft.; fire 
tubes, 2,67345 sq. ft. ; arch tubes, 24*22 sq. ft. ; firebox 
15814; total 3,40081 sq. ft. 

Fire Grate Area: 4179 sq. ft. 

Workiufr Pressure: 225lbs. per sq. inch. 

Tender: Capacity of water tanks, 3,500 galls. 

Tractive Effort: 29,43olbs. 

Heavier Rails, Belgian State Railways. 
As axle-loads and the speed of trains are increased so must 
the permanenl-way be strengthened. The Belg^ian main lines 
are laid with the Vignoles rails, weighing 40 kilos per m^tre 
(about 83 lbs. per yard). As the axle-loads of the Belgian 
locomotives have been increased considerably, the manage- 
ment propose relaying the lines with rails weighing 56^ kilos 
per m^trc (about 108 lbs. per yard). This heavier rail is to 
be laid on the line from Liege to the German frontier, and the 
section between Liege and Welkenraedt has been already so 
relaid. Anyone who has recently travelled by express trains 
over the Belgian Slate railways must have recognised that, 
according to British ideas, the rails were loo light. 
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Notes on the Erection of Bridges—IX.* 

H. Miscellaneous (continued). 

The New Redheugh Bridge, 

This bridgfe consists of two channel spans of 252ft. each 

two shore spans of 170ft. each, and the total length, including 

the approaches, is i,iQoft. 

The new bridge replaces an earlier structure in which the 
upper boom of the girder was a p'pe actually used for the 
conveyance of water, and being 24ins. in diameter, the bottom 
boom being similarly used for the conveyance of gas, and 
being 27ins. in diameter. 

R It was an essential condition 

that the gas and water pipes 
should not be disturbed until the 
new pipes carried on the new 
structure were ready to replace 
them, and this demanded an ex- 
ceptional treatment in the erec- 
tion of the new bridge. Fig. 24 
shows the old and the new struc- 
tures, the old in dotted and the 
new in firm lines. The new piers 
were erected over and around the 
old piers, and the girders were 
erected by building them out 
simultaneously from each of the 
piers as a cantilever structure, 
but 4ft. 6ins. out of the centre 
line, which is the same in both 
the old and new bridges. 

When the girders were com- 
Fig. 24.— Rcdbeagh Bridge plete they were moved sideways 
between Newca8Ue& Gateshead, on^ ^t a time into their final posi- 
tion, the old structure being at the same time removed. 
Saint Just Bridge, 
This bridge carries a road over the river Ard^he in 
France, and has six openings, each 164ft. from centre to 
centre of piers, spanned by wrought iron arched ribs, five 
ribs being placed in each span. 

In this case, owing to the river bringing down boulders, 
etc., when in flood, a temporary staging resting on the bed of 
the river was deemed inadvisable, so that a pair of timber 
trusses, each i8ft. in depth, were constructed and rolled over 
the piers to form the stage from which the permanent arched 
ribs were supported. 




Fig. 25.— Saint Just Bridge over the Ardfeche. 

Large rollers were placed upon the piers and abutments, 
and rails were laid along the top of the timber trusses, upon 
which travelling cranes to lift the ironwork for the permanent 
work were arranged to run. 

Two openings were spanned by the protruding temporary 
trusses, the one span when finished acting as an anchorage 

•The previous articles of this series appeared in the Rtiilway Enginter of the 

following dates:— I., December, 1905; II., November, 1906; III., April, 

1907; IV„ June, 1907 J v., August, 1907; VL, October, 1907; VIL, 

November, 1907 ; VIII. January, 1908, 



for the overhanging weight suspended in the adjoining span. 

In this manner the 600 tons of wrought iron work in the 
permanent structure were erected. 

El Kantara Bridge in Algeria, 

This bridge has a clear span of 184ft., and as the height 
was no less than 393ft. ordinary staging could not be used. 

A light platform was suspended across the gorge by means 
of chains securely anchored down on the suspension bridge 
principle; and light arches, made suitable to the intrados of 
the permanent arched girders, were used as the staging or 
centreing. 

The temporary arches were made of sufficient stiffness not 
to change their shape during the erection of the permanent 
work upon them, and upon the same principle this stiffness 
was also available to prevent the cranes supporting the plat- 
forms also from altering their shape. 

This method of supporting a centreing or falsework has 
not proved available for use elsewhere, the heavy masses 
used in bridge work having too great a tendency to distort the 
flexible chains supporting the stage. 

The bridge was built in 1866. 

Cantilever Bridge over the Seine at Paris. 

The method of erection of this bridge is shown in fig. 26. 




Fig. 26. — Cantilever Bridge over the Seine at Paris. 

The central span is 124ft. 8ins., and the two end spans 
91ft. loins. 

Koningswart Bridge, 

This bridge was constructed in 1875 and carries a railway 
line across the river Tun in Bavaria, and is at a height of 
i6oft. above the water level. 

The three main spans are of 227ft. from centre to centre 
of the piers, and as the piers are of masonry a scaffolding 
was put up for them in the first case and subsequently used 
for the support of the superstructure. Midway between the 
scaffoldings for the piers another staging was put up, and 
two openings were thus left in each span of 81 ft. in the clear. 



Fig. 27. — Koningswart Viaduct over the Tun. 

Wrought iron lattice girders were now placed upon the 
piers of scaffolding and a timber floor was erected upon the 
temporary girders, and upon this the permanent bridge was 
built. 

This refers to the two side spans, and a central scaffolding 
was also erected in the middle span, which was destroyed by 
one of the floods so prevalent in the country. 

A temporary wrought iron framework stretching across 
the whole of the middle span was therefore provided, and as 
the two side spans had by this time been erected, the wrought 
iron framework for the middle span was anchored down to 
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the girders of the side spans, and was built out from each pier 
as a cantilever until the two ends met in the centre of the 
span. The anchorages at the ends of the temporary girder 
so erected were provided with adjusting screws and universal 
joints to provide for a sufficient movement to bring the two 
meeting ends together in the middle of the span. 

Small swing cranes were used as the building out was 
completed, and moved along to the end of the cantilevers, 
and in order to make the stress upon the anchorages as small 
as possible only about one-third of the central portion of the 
temporary girder was erected at first until the junction was 
made. 

When the junction was complete the remaining bars in the 
central part of the temporary girder were fixed, as was also 
the timber floor, and the whole girder and platform was 
lowered six feet so as to be at the right level for the per- 
manent girder. 

The weight of the temporary framework was 84 tons, the 
clear opening was 215ft., and the load provided for was 
2 tons per lineal foot. A higher co-efficient of unit stress was 
permitted in this temporary girder than had been allowed in 
the permanent girder. 

Whilst the two halves of the temporary girder were being 
constructed as cantilevers a maximum stress of 7*62 tons per 
square inch was allowed, but after the two cantilevers had 
met in the middle of the span a stress of 10*16 tons per square 
inch was allowed during the subsequent erection of the per- 
manent girders. 

Arched Viaduct over the Seine ^ Paris. 

This arch has a span of 279ft., and the platform is sus- 
pended from the ribs, which are provided with ste^l hinges at 
each end. 

Owing to the requirements of the navigation it was only 
possible to provide scaffolding for parts of the span, leaving 
one opening of 89ft. in the centre of the span. The girder 



Fig. 28. — Arched Viaduct over the Seine, Paris. 

over the latter (f\g. 28) was carried to the site on a scaffolding 
made to rest upon two barges, which, after attaining their 
proper positions, were loaded with ballast so as to sink the 
barges the requisite depth to place the service girders on 
their bearings. 

The various portions of the arched ribs were put in place 
with the assistance of a gantry, by which the pieces were 
lifted direct from railway trucks and placed in position by 
means of two winches. 

Pont du CarrousaL 

This bridge was erected in 1834-36, and the cast iron 
arched ribs were supported by a clustered staging. There 
were three openings, each of 157ft. span, and these open- 
ings were sub-divided into bays of 44ft., 69ft., and 44ft. by 
two rows of close or clustered supports 43ft. in length. 

The rows consisted of thirty-six timbers, twenty-four of 
these being upright and twelve others placed at an inclination 
so as to prevent movement sideways. This bridge is over 
the Seine at Paris. 



Erdre Bridge, 

This was a single arched double line railway bridge of 
321ft. span over the river Edre at Nantes. The supports of 
the staging were placed 26ft. apart except in the centre of 
the span, where an opening of 40ft. was left for the passage 
of river traffic. The height of the crown of the arch from the 
ground was only 56ft. 

Thames Bridge at Blackfriars Station. 

This bridge carries seven lines of railway and has dvc 
spans, one of 183ft., two of 185ft., and two of 175ft., and in 
this case the arched ribs are sufficiently stiff in themselves and 
no spandril bracings between the arch rib and the horizontal 
longitudinal girder are provided. 

The ribs were brought to the site in three pieces, the 
centre piece weighing 16 tons and being long enough to 
span between two rows of piles that had been fixed inter- 
mediately in the span and placed to leave a waterway of 68ft. 
A barge was used to bring the rib to the site, and at about 
high water the barge was swung across between the two 
stages and the centre length of rib was lifted out of the barge 
by two cranes and thus placed in position The two end 
pieces of the rib, each weighing 1 1 tons, were then lifted out 
by a single crane and placed at each end of the centre length. 
There were two joints to be riveted on site. 

Twenty-five minutes were occupied in the lifting of the 
rib at the beginning, but later fifteen minutes were found to 
be sufficient for the purpose. 

Niagara Suspension Bridge. 

This bridge carried the North Western Railway of Canada 
over the Niagara river, and the line is the connecting bridge 
between Canada and the State of New York. 

The bridge first came into use in 1855 as a railway bridge, 
and it was then found that the lower floor, which had been 
used as a carriage road, did not assist the top chord to the 
extent expected by the designer, Roebling, and that in fact 
the upper chords had been overstrained, whilst the lower 
members had been working loose at various joints, with the 
result that decay had begun. 

To prevent this defect growing worse, auxiliary chords of 
timber were added to the old lower chords and firmly bolted 
to the underside of the floor, but with the result of adding 
more dead load to the structure. 

In 1877 the anchorage chains were strengthened and the 
method adopted to ensure the correct stress being given to 
the new chains is interesting. 




Fig. 29.— Niagara Suspension Bridge. 
Each of the bars in the new work was subjected to the 
stress it was designed to take and the extension carefully 
noted. The same elongation was given to the bar when 
it was erected. The new links were expanded by applied 
heat, and as they lengthened the old chain was brought up to 
a level so arranged that when the applied heat was removed 
and the material cooled down, it should bear its propter 
share of the stress and relieve the old chain of a portion of its 
load. In the case of other bars of the structure the same 
result was obtained by the screwing down of the nuts of cer- 
tain bolts until the desired strain upon the new work was 
obtained. 
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In 1880 the trusses were renewed in iron, the work being 
begun from the centre and carried piece by piece until the ends 
of the span were reached. The new floor beams were fixed 
at first by the old ones being taken out one by one as this was 
done, but the remainder of the new work was fixed in lengths 
outside the old structure, which was not disturbed until about 
150ft. of the new truss in the centre had been placed in 
position. At this point the old work was removed whilst the 
new work was fixed, the work of the removal of the old 
structure being thus about 75ft. to the rear of the work on 
the new structure. At this time there was practically no 
change made in the cables. 

This bridge has now been superseded by a steel arch 
bridge of 550ft. span, with a rise of 114ft., which carries a 
double line of rails 258ft. above the river, and a roadway 
underneath. 

The New East River Bridge, 

This is one of the longest suspension bridges in the world, 
is built between Brooklyn and New York, and spans the 
East river. The length, including approaches, is 7,200ft., 
about 1, 200ft. longer than the former Brooklyn Bridge. The 
main span is i,6ooft. in length and the floor is 135ft. above 
the water at the centre. Accommodation is provided for six 
railway lines and two roadways, the total width being 1 18ft. 

There are four main cables, each made up of ^y strands 
of 208 No. 6 steel wires, laid straight, the cylindrical cable 
finally being about igins. in diameter. 

The top of the cables where resting on the top of the 
trestles are mounted on a saddle working on rollers, and hav- 
ing a motion of 3ft. lengthways of the bridge, and during 
the construction of the bridge the saddles were kept back to 
their full extent of three feet. The saddles were moved for- 
ward gradually during the erection of the main span. 

The saddles are 333ft. above the water and the lowest 
point of the cable is 161 ft., leaving a versed sine of 172ft. on 
the span of i,6ooft., or ^}^ of the span. The cables arc 
anchored 617ft. away horizontally from the piers and at a 
height of 77ft. above the water. 

In the New York and Brooklyn suspension bridge a tem- 
porary footwalk had been suspended from two 2|ins. wire 
ropes, but in the case under consideration a more important 
temporary structure was constructed. Eight continuous 
footways, four above and four below, were constructed; and 
these were connected at various pK>ints by cross walks or cross 
bridges, the whole being carried by sixteen wire ropes in four 
groups of three ropes each, and a single rope suspended above 
each group. The four upper foot walks are just below the 
line occupied by the strands of the main cable during spinning, 
and the four lower walks are just below the line of the per- 
manent cable. The ropes are 2iins. in diameter, and are 
made of seven strands of galvanised steel wires twisted 
together. 

An adjustment, permitting of a movement of four feet, 
was placed in each of the temporary cables about 1 oof t. -from 
its end, sockets with screw rods being used for the purpose. 

Very careful calculations had to be made so that the 
finished structure should hang from the temporary structure 
in the required position after the weight was placed on the 
temporary cables, and as temperature plays an important part 
in the position of a cable of such a length it was necessary to 
make due allowances for temperature changes. 

The temporary bridge cables were brought to the site on 



a large tug on a reel 7ft. in diameter; each rope being 3,020ft. 
in length and weighing about 14 tons. After the ropes were 
hauled across the river and hoisted upon the towers the 
timber work of the platforms was commenced at each tower 
and worked downward towards the centre of the span and the 
anchorages. Travellers were arranged to run in two cables 
with grooved wheels, the platform being large enough to 
carry four or five men. 

When the wires had been laid in the main cables, the upper 
deck of the footbridge was removed and the floor transferred 
to the lower deck, and the work of putting on the cable bands 
and covering was completed from this level. 
(To he concluded.) 



Power Reversing Gear; Great Eastern Railway. 

We are indebted to Mr. S. Dewar Holden, locomotive, car- 
riage and wagon superintendent of the Great Eastern R., for 
the annexed drawings of the power reversing gear which 
was designed by Mr. James Holden, and with which several 
of the Great Eastern locomotives are fitted. It will be seen 
that the necessary power is supplied by the Westinghouse 
brake pump without in any way interfering with its most 
important work, viz. , that of creating the power for operating 
the continuous automatic brake. 

A locomotive fitted with this gear can be reversed in the 
usual way by means of the hand wheel A, or it can be re- 
versed by compressed air, the gear for this purpose being 
operated by the handle B. 

Either of these methods can be utilised at will, as the act 
of using one system of reversing automatically renders the 
other system inoperative. 

The reversing shaft C is connected to the reversing rod 
D by the arm E and to the piston rod F by the arm G, a 
guide H being provided for the end of the piston rod. 

To operate gear by hand in the usual way the wheel A 
and the screw I are rotated ; the half nut J and with it the 
reversing rod D and the arm E are moved one way or the 
other, the air (compressed or otherwise) in the cylinder K 
being displaced through the valve L in a maner hereinafter 
described. 

To operate gear by fK>wer the handle B is moved one way 
or the other according to whether engine is required to be 
put in fore or back gear. 

Whichever way handle is moved the cam M attached to 
it lifts the half nut J out of gear with the screw I, at the 
same time the arm N, which is also attached to the handle B 
by the shaft O causes the valve L to rotate, thereby opening 
one end of reversing the cylinder K to pressure and the other 
end to exhaust. It should be noted that the half nut J is 
quite clear of the screw I before this opening of the cylinder 
K to pressure and exhaust takes place. 

In the running position both ends of the cylinder K are in 
communication with the main air reservoir P through the 
valve L, the piston rod F being made of such a diameter 
that the reduced piston area exposed to pressure on the pis- 
ton rod side of the piston balances the weight of the motion 
hanging on the lifting links Q. 

The valve L rotates on a seating having two ports, R 
and S, the port R being in communication with the front end 
of the cylinder K and the port S being in communication 
with the back end of the cylinder. The exhaust ports T and 
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serve the purpose, when gear is In running position (as illus- 
trated), of placing both ends of the cylinder K in communi- 
cation with each other through the ports R and S and with 
the air reservoir P through the pipe a, which enters the 
body of the casting b at the back of the valve L, viz., on 
the opposite side of the valve L to that where the ports R 
and S are. 

The air reservoir P is divided into two parts, c and d, 
which communicate with each other through the non-return 
valve e. 

Air is supplied from the Westinghouse brake pump 
through the pipe / to part, c, of the reservoir, then through 
the valve e to part d. The brakes are in communication with 
the pipe g^ consequently they can draw air from both part d 
and also from part c through the non-return valve (a con- 
siderable quantity of air being required to release the brakes, 
etc., on a long train). 'Air for use with the reversing gear 
is drawn from part c only ; the valve e prevents any air being 
taken from the side d for this purpose; all chance of the 
unintentional operation of the brakes due to a reduction of 
pressure in the reservoir is thus avoided. 

The stop cock h shuts air from reversing gear altogether 
should it be at any time necessary to do so. 

To prevent the possibilities of half nut J jumping the 
screw 1 a locking gear is provided ; the pawl i engages the 
lever ;, which is loose on the shaft O and connected to the 
pin k by the link /. 

When handle B is moved either way it rotates slightly on 
the pin m before moving the cam M and lifts link n by means 
of one of the pins o or p, according to which way handle B 
is moved ; the link n in its turn rotates bell crank lever q, 
and thereby, by means of link r, throws pawl i out of gear. 



Predetermination of Train-Resistance.* 

The first section deals with the form of the resistance-equa- 
tion. The different elements of train-resistance are con- 
sidered, namely, journal-friction, rolling-friction, track- 
resistance, flange-action, and air-resistance. Each clemen.. 
of resistance is given in terms of the known variables, and 
existing experimental results bearing on the question arc 
reviewed. The conclusion is arrived at that the component 
parts of train-resistance may be divided into three groups 
distinguished by their relation to the speed. The resistances 
in Group i are independent of the speed, and include journal- 
friction, rolling-friction, and track resistance. Group 2 in- 
cludes the resistance caused by flange-action, which varies 
as the first power of the speed. Group 3 includes all forms 
of air-resistance, which vary as the square of the speed. 
The resistance-equation is thus shown to be of the form 
R = A -\- Bv-h CV. 

The second section is devoted to the determination of 
the constants in the resistance-equation. The different 
methods of making train-resistance tests, and the errors to 
which they are liable, are considered. For the purpose of 
determining the constants the Author selects the tests made 
by Mr. Barbier on the Northern Railway of F*rance, as being 
the most complete and reliable tests of which full records 
have been kept. These tests were made on two classes of 
rolling stock, namely, four-wheel and bogie coaches, and a 
comparison of the results in the two cases, as represented by 
curves which are reproduced in the Paper, furnishes a means 
of arriving at the constants in the resistance-equation. 
These constants depend upon the type of rolling stock under 
test, and formulas are deduced by which the constants for 
any given type of rolling stock may be obtained. 

In the third section the resistance-formulas are applied 
to a number of different cases in order to ascertain how far 
they afford a correct predetermination of the resistance of 
trains made up of rolling stock entirely different from that 
tested on the Northern Railway of France. For this purpose 
a number of the most reliable tests available arc selected, 
the resistance is computed by the aid of the formulas, and 
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the resistance-curve is then obtained and compared with the 
results of each test. The tests considered are the following : 
(i) Tests of bogie-coaches on the Lancashire and 
Yorkshire Railway. — These coaches differ 
materially from those tested by Mr. Barbier. The 
curve obtained by the application of the formulas 
shows a close agreement with the test results, 
the mean difference at eight selected speeds from 
10 to 80 miles per hour being 3 per cent. 

(2) Tests of four-wheel goods wagons on the London 

and North Western Railway. — Here the calcu- 
lated resistance is 5 per cent, below that obtained 
by test. 

(3) Tests on eight-wheel bogie goods wagons on the 

New York, Ontario and Western Railway. — The 
calculated value is 8J per cent, less than the ob- 
served value. 

(4) Tests of eight-wheel electric motor-coaches made 

by the St. Louis Electric Railway Test Commis- 
sion. — The resistance obtained from the formulas 
shows a close agreement with that obtained in 
the test. 

(5) Tests of twelve-wheel high-speed bogie-coaches at 

Zossen. — ^I'he calculated resistance differs from 
the test value by a constant amount of 100 
pounds, being a difference of 7^ per cent, at 60 
miles per hour. 
In the fourth section the following practical questions are 
discussed in the light of the conclusions arrived at : — 

(i) Journal-friction in its relation to irain'tcsistance and 
its possible reduction by roller bearings, — The real value of 
roller bearings in railway traction is shown to lie in the re- 
duction of running-resistance and consequent saving of 
energy, and not in the reduction of starting-effort. The 
results of tests with roller-bearings on the Eastern Bengal 
State Railway are given, the saving actually obtained being 
I per cent, greater than that calculated by the use of the 
resistance-formulas. 

(2) The influence of the tyuck on the resistance of bogie- 
coaches, — ^The resistance of a coach is shown to depend 
largely upon the wheel-base of the truck, and the relation 
of the weight of the bogie-trucks to that of the whole 
coach. 

(3) The effect of electrical driving on the resistance of 
bogie-coaches, — ^Thc weight of the motors 

and the extra weight of the motor-trucks in 
electrically driven coaches increases the 
flange action and the total resistance of such 
coaches. The resistance of electrical motor- 
coaches is in some cases as much as 54 per 
cent, greater than that of trailing coaches 
running at the same speed under similar con- 
ditions. 

(4) The reduction of the resistance of 
goods wagons by the use of bogies. — The 
influence of the bogie on train-resistance is 
shown to be greatest in the case of goods 
wagons. 

(5) The relation between the tractive 
efforts required to haul loaded and empty 
bogie goods wagons, — Since flange-action 
depends upon the ratio of the weight of the 
bogie to that of the whole wagon, it must 
follow that the resistance per ton of a loaded 
bogie-wagon must be less than that of the 
same wagon empty. This is a matter of 
general experience, and can only be explained 
on the above hypothesis. The results of tests 
arc given in which a train of bogie wagons 
was hauled over a considerable distance 
backwards and forwards, first loaded and 
then empty. The ratio of the mean drawbar- 
pull in the two cases was 0*56. When the 
resistances arc calculated by the formulas, 
the ratio is found to be o'62. 



(6) The incidence of train-resistance on flange- and rail- 
wear, — The energy expended in overcoming flange-resistance 
is represented by the wear of tires and rails. Tables are 
given to show how much greater this wearing action is in 
some cases than in others. 

(7) The reduction of flange-action by mechanical con- 
trivance, — It is shown that by giving the bogie a lead, as is 
done in Timmis's bogie-lead, the flange-action of the bogie 
can be reduced, and that the saving depends upon the ratio 
of the bogie wheel-base to the distance between the bogie 
centres, and also upon the ratio of the bogie weight to the 
total weight. 

(8) The effect of side play on train-resistance, and its pos- 
sible limitation, — The amount of play between the flanges 
and the rails is an iipportant factor in train-resistance. The 
want of uniformity in current railway practice in this matter 
is illustrated by a table giving the amount of side play 
adopted on thirteen different railways in Great Britain, in 
the United States, and on the Continent. The increased 
resistance and wear occasioned by large flange-play suggests 
the importance of a reduction of the play to a standard | 
inch as on the London and South Western and other rail- 
ways. 

(9) The relative importance of air-resistance, — The resist- 
ance of the air with a train of bogie-coaches, running at 60 
miles per hour, amounts to about one-half of the total tractive 
effort required to haul the train. The experiments conducted 
by the St. Louis Electric Railway Test Commission show 
that a large reduction can be made in the front and rear air- 
resistance by shaping the ends, and that by this means a 
saving can be effected of 10 per cent, of the tptal tractive 
effort with a long passenger-train, and 30 per cent, with a 
single coach. 

Locomotive Journals and Bearings. — 11.^ 

Caledonian Railway (continued). 
Driving Axle-Box^ fig, 9. — This box is made of gun- 
metal, and is especially notable on account of the diameter of 
the journal, viz., 9jin. The box has a width of i6in. between 
the horns, a height above the centre line of 9|in., and wear- 
ing surfaces for the horns 2oJin. by 5^in., the flanges being 
*No. I. appeared in February, 1908, 
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Fig. 9a.— Lubricator for Driving Axle; 
Caledonian Railway. 



J Jin. wide. The dead weight carried on the bearing is about 
7 tons. 

The Sponge-Box or Keep is made of cast-iron, and is 
supported by the spring-link pin (steel), which is ijin. diam. 

The Bearing is gjin. diam. by 7|in., and has two white 
metal insets 2 Jin. by 6 Jin. It is eased away to a depth of 
Jin. at the sides to a height of Jin. above the centre line. 

The crown of the box forms a large oil well, and from this 
two Jin. feed holes lead to an oil channel f by 5J by \ deep, 
as shown on the drawing. The central feed hole has a large 
conical head, into which the oil from the lubricator on the 
inside of frame drips. 

The bottom of the journal is lubricated by a pad, fig. 9a, 
which is pressed against it by two broad E-shaped flat-steel 
springs Jin. wide resting on the bottom of the keep. 

The top of the box is covered by an iron plate Jin. thick. 
London and North Western Railway, 

The work regularly performed by the express 
engines of the L. and North Western R. is of an 
onerous character. Generally speaking, the trains 
they haul are the heaviest in the country, and the 
heaviest of them have to be taken over Shap Sum- 
mit before they make the descent into Carlisle. 
The longest regular non-stop runs are between 
Euston and Edge Hill, Liverpool (192 J miles), and 
there also are whole services of non-stop trains 
between Euston and Birmingham, Manchester, 
Liverpool, and Crewe. The 2-hour express service 
between Birmingham and Euston is largely run at 
a speed of 60 miles an hour and upwards ; we have 
on numerous occasions — particularly with the 5 
p.m. ex Birmingham — made the journey from 
Rugby to Euston in 80 minutes. The fastest 
regular run is between Willesden and Coventry 
— the 9.20 a.m. Euston to Birmingham. It is true 
that the North Western engines are not called on 
to break records or to make spurts to make up 
time, but that is because when the management 
advertise a non-stop express the train does not, 



except very rarely, stop on the journey, and 
the trains keep remarkably good time. The 
suburban morning and evening express ** busi- 
ness ** trains are by no means easy work for 
the tank engines, and the timing of the Man- 
chester and Liverpool express service involves 
running 30 miles (start to stop) in 35 minutes. 

The details designed by Mr. G. Whale, 
M.Inst.CE., chief mechanical engineer, illus^- 
trated herewith, are practically standard for 
several classes of engines, amongst which may 
be mentioned the 6ft. 6in. 4-coupled ** Precur- 
sor," the 6ft. oin. 6-coupled '* Experiment," 
the 6ft. oin. 4-coupled side tank, and the 5ft. 
oin. 6-coupIed express goods engines. 

The cylinders (inside) range up to igin. 
diam. by 26in. stroke, and the working boiler 
pressure up to i85lbs. per sq. in. The maxi- 
mum weight allowed on the L. and North 
Western R. on the rails for any one pair of 
locomotive wheels is 20 tons, and as the wheels 
and axle weigh about 4 tons the actual dead 
weight on each axle box is about 8 tons. 
Driving Axle-BoXy fig. 10. — This is of cast-steel, with a 
bronze ("X" metal) bearing. It is iijin, wide and 8in. 
high above centre. The bottom of the box is closed by a 
cast-iron keep. The T-hcaded spring-link and its pin arc of 
forged steel. The bearing is 8in. diam. by gin. long, and is 
carried fin, below the centre line on either side as shown. 
Its thickness at the crown is ifin. It is fitted into the cast- 
steel box and secured by two gun-metal tapered plugs put 
through on the centre line and riveted over at the bottom 
of the deep oil channel, which extends along the crown of 
the bearing. These plugs are pierced with a fin. hole, 
through which a mixture of tallow and oil, placed on the top 
of the box, is syphoned by means of worsted trimming to 
the bearing should the box become heated above the normal 
and so liquefy the oil and tallow. 

The bearing, when running, is lubricated from the foot- 
plate, where the supply is at all times under the eye and 



Fig. 10.— Driving Axle Box ; London and North Western Railway. 
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control of the driver, and the pipe conveying it enters the 
bearing through the Jin. hole in the crown shown on the 
drawing. 

The sides of the axle-box, lO^in. by 7in., against the 
horn plates are covered with white-metal ^^in. thick ; the oil 
ways for lubricating them (shown on the drawing) lead out 
of two troughs on the top of the box, and which arc covered 
by the |in. wrought-iron top plate. 

The cast-iron Keep is supported in its place between the 
sides of the box on two Jin. steel pins, which are a driving 
fit in the holes, and it supports on its upper surface four 
spiral springs which carry a light wrought-iron tray with 
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Fig. 1 1. ~ Connecting Rod ; London and North Western Railway. 



wooden ends which bear on the journal, and thus the surplus 
oil is caught in the tray and the dust excluded. 

Connecting Rod^ fig. 11. — This is made of forged steel. 
It is 7ft. long between the centres. It is rectangular in 
shape, and tapers from about 4in. by i|in. at the small-end 
to 6Jin. by 2in. at the big-end, the corners being rounded off 
to a ^in. radius. The small-end is solid and the large 
strapped. The rod has a middle bearing ifin. diam. by 2in. 
for the driving links of the Joy valve gear. This bearing 
consists of a phosphor-bronze bush Jin. thick driven in tight. 
The Big-End bearing is Sin. diam. by sJin. bare. It is 
like the driving-axle bearing, made of a special bronze (**X" 
metal), which it is not necessary to line with white metal, 
and is attached to the butt end of the rod by a steel strap 
and steel cotters. The bend of the strap has a section of 
2jin. by 4in. In other connecting rods which we have or 
shall illustrate, the tendency of the strap ends to open is 
prevented by one or more bolts, but in the North Western 
rods the ends of the strap is dovetailed into the rod and 
keyed firmly in position by a fine (i in 32) tapered cotte- 
(3^ by I J), which is secured in its place by two Jin. steel 
set screws and a fin. split pin. The ends of the gib also 
prevent the strap opening. 

The adjustment of the bearing is provided for a taper gib 
and a loose liner between the gib and the bearing, to which 
it is attached by two Jin. by fin. dowel pins. The gib is 
secured by two Jin. steel set screws and a fin. split pin. The 
end of the rod is lightened by a 4in. hole bored through it. 

The lubricator cup, square in section, is cut out of the 
solid steel and closed by a steel lid which has the sides closed 
over its bevelled edges. In the centre of the lid a wrought- 
iron stamped cap is screwed in. Formerly this cap used to 
have in its centre a filling hole which was closed by a brass 
button and spring, the feeding hole being closed by a -^ 
steel plug, through which a small hole was drilled, and in 
this hole a bent pin was carried. We illustrated this arrange- 
ment, known as a '* needle lubricator,** on p. 40 
of our February, 1897, issue. The latest arrange- 
ment now used as a standard one is illustrated, 
and in this (Bang's patent) the feed hole is ^in. 
diam., and into it is screwed a Jin. brass cheese- 
headed screw which is pierced by a hole 23 
I.W.G. diam., and through this small hole suflfi- 
cient oil passes for lubricating the bearing. 

The big-end is suitable for the crank pins of 
either solid or built up driving axles, the only 
difference being that the radius on the bearing is 
reduced from lin. for solid forged cranks to ^in. 
for built-up cranks. 

The Small-End of the rod is a solid eye carry- 
ing a steel bush, Jin. thick, the inside of which 
forms the bearing, 4in. diam. by 4in. bare long. 
The steel cross-head gudgeon is taper, 2fin. 
diam. middle section, and on it is keyed a bronze 
sleeve which forms the journal. The oil cup is 
cut out of hexagonal steel, and is screwed into 
the small-end, the stem being sufficiently long to 
project into the steel bush and thus prevent it 
from moving. The oil cup is of the needle type 
referred to above. It has a wrought-iron lid 
screwed in, the filling hole being closed by a 
brass button supported on a spring. It is locked 
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in position by a wire Jin. diam. passed through its seat and 
the ends bent up as shown on the drawings. 

The same style of connecting rod, but without the bear- 
ing for the Joy valve gear, is used on a large number of 
L. and N.W.R. engines other than the particular classes 
above mentioned. 

Coupling Rod, fig. 12. — The length of the rod, loft. 
between its centres, is one of its striking features. It is made 
of mild steel and machined to a flanged or I section. Its 
depth at the middle is sin. and at the ends 4Vm., the flanges 
are 2 Jin. by ijin. at the middle and ifin. by lin. at each end 
of the rod, with the corners and fillets rounded to Jin. 
radius, the web having a uniform thickness and depth of 
ijin. and 2jin. The eyes are 8Jin. diam. by 3Jin. wide, and 
carry bronze bushes ^in: thick, having bearings 4}in. diam. 
by 4in. long. The lubricators are of the same type as that 
of the big-end of the connecting rod described above, except 
that they are loose and are cut out of hexagonal wrought- 



Fijr. 17.— Coupling Rod ; Londcn and North Western Failwry. 

iron, and are screwed into the coupling rod ends, the stems 
being long enough to project into the bushes and thus key 
them in position. They are fitted with wrought-iron case- 
hardened caps and are locked in position by a ^in. wire put 
through the seat and its ends bent up. The coupling rods 
are kept in position by flanged hexagonal nuts screwed — 12 
threads to the inch — on to the coupling rod pins and locked 
by a standard peg pin tapered from fin. to -i^in. diam. split 
at the smaller end. 

(To he continued.) 



Test of Vauclain Superheater, Chicago, Rock Island 
and Pacific R.R. 

The C. Rock Island and P. RR. was amongst the first roads 
to reduce locomotive boiler pressure in bad water districts, 
and the results obtained have been so favourable in the re- 
duction of boiler repairs, says the Railway Age^ that it is 
proposed to carry still lower pressures and take advantage of 
superheated steam to prevent the bad eff"ects of foaming due 
to the use of alkali waters. In the first experiments boiler 
pressure was reduced from 200 to i75lbs., and more recently 



tests have been made with a Baldwin consolidation engine 
having very large cylinders, and equipped with a Vauclain 
superheater and boiler carrying only i63lbs. working pres- 
sure. The tests were made under the direction of T. S. 
Lloyd, general superintendent motive power, by B. T. Con- 
verse, engineer of tests of the Baldwin Locomotive VV^orks, 
assisted by a representative of the test department of the 
Roi^k Island. The superheater used is illustrated in the ac- 
companying engraving. It is substantially similar to that 
shown by detail drawings on p. 117 of the Railway Engineer 
for April, 1907. 

The advantage of a comparatively low degree of super- 
heat was so thoroughly demonstrated that it is worth while 
to give some particulars with regard to the test and the re- 
sults obtained. The locomotive is larger and heavier than 
that which has been in general use on the Rock Island road. 
The general dimensions and weights arc : Cylinders, 28 by 
32in. ; boiler, 6ft. Sin. diam. ; working pressure, i63lbs. ; 
firebox, 6ft. ojin. by loft. ; 446 tubes, 2in. diam. and 15ft, 
gin. long; heating surface, firebox, 179 sq. ft.; tubes, 3,658 
sq. ft. ; total, 3,837 sq. ft. ; grate area, 6o'2 sq. ft. ; driving 
wheels, 5ft. 3in. diam. ; weight on drivers, 209,95olbs. on 
front truck, 26,9oolbs. ; total weight of engine, 236,85olbs. ; 
total weight of engine and tender, 400,ooolbs. 

The tests were conducted in two series, the first between 
Blue Island and Silvis, on the Illinois division, 158 miles, and 
the second on the El Paso division, between Dalhart, Tex., 
and Tucumcari, N.M., a distance of 93*5 miles. The moisture 
in the steam was obtained by a Carpenter separating calori- 
meter in the Illinois division series and by a Pcabody 
throttling calorimeter in the Texas series. The calorimeter 
in each case was connected to the turret in the cab, thereby 
getting steam from the dome of the same quality as in the 
dry pipe. The speed was obtained by a revolution counter, 
and readings were taken 30 seconds apart every 10 minutes 
on the first trip and every 5 minutes on the second run. The 
amount of coal burned was obtained by keeping an accurate 
record of the number of shovelfuls put in the firebox. The 
average weight of one shovelful was obtained by having the 
fireman fill several times a box placed on scales, using the 
same shovel he used on the engine. The average weight of 
the coal in the box was divided by the number of shovelfuls 
and the quotient was used as the weight of a shovelful. The 
locomotive was fired up in the shed, and the air pump was 
kept running at the average rate it ran when standing on a 
siding with a train. A record was kept of the coal thus 
burned, so proper deduction could be made for coal burned 
on the siding. 

In measuring the water evaporated the tank was fitted 
with two gauge glasses, one on the left front corner and one 
on the right back corner. These glasses had scales behind 
them divided into inches and quarters, and the capacity of 
the tank with reference to these gauges was properly cali- 
biated by accurate measurements in gallons. On the run the 
tank glasses were read at the start, at the tanks before and 
after taking water, and at the end of the test. A record was 
kept of the water lost at the engine overflow and the amount 
of water used in the siding test. 

Only one side of the engine was indicated, and the result 
was taken as one-half the horse-power developed, as the 
valves had been carefully set and showed the same cut-off on 
each side. Cards were taken every 10 minutes or 5 minutes, 
and the revolution counter was read 15 seconds before and 
after the cards were taken, thus giving the revolutions for 
30 seconds. The tonnage hauled was taken from the con- 
ductors' waybills or the cars were weighed whenever it was 
possible. The temperature of steam in the steam chest was 
taken by drilling a hole through the chest cap and placing a 
thermometer oil cup through this hole so that the end of the 
cup would be as near to the steam port as possible. Readings 
of this thermometer were taken immediately after the card 
was taken by the indicator. The temperature in front on the 
front flue sheet and in front of the superheater was taken by 
means of two pyrometers placed through holes in the smoke- 

A preliminary run was made on the Illinois division, and 
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the engine was then returned to the shop and the valves run 
over and other details adjusted. The testing apparatus was 
then applied, and three round trips were made on each divi- 
sion, the average results being shown in the accompanying 
table. During the first two runs on the Illinois division the 
average temperatures front and back of the superheater were, 
respectively, 534° F. and 635* i^ F. This shows 10 11^ F. drop 
in the temperature of the »iue gases while passing through 
the superheater. On the Illinois division it was necessary to 
haul trains of such length, to get sufficient tonnage, that 
trouble was caused by pulling out the draft rigging, but on 
the El Paso division sufficient tonnage for the engine could 
be got with a fewer number of cars, and no trouble was expe- 
rienced with parted trains. 

In order to ascertain the loss in temperature between the 
dry pipe J\nd the steam chest of an ordinary lot^omotive not 



takerf out of the dome was i J%. 

One of the remarkable results obtained from the super- 
heater engine was the very large increase in hauling capacity. 
The new engine weighed only i8'4% more than the regular 
consolidation used on the Rock Island road, but it was able 
to handle with ease a train 50% heavier over the same road 
and under tho same conditions. 

On consolidation engines working on the EI Paso, using 
saturated steam, so much water was carried over to the 
cylinders that it was necessary to open the cylinder cocks 
frequently to get rid of it. Trouble is also experienced from 
blowing of pistcn rod and valve rod packing after new- 
engines had been in service only three months. With the 
superheater engine it was only necessary to open the cylinder 
cocks when starting, and there was no sign of leaky packing. 
During the entire time of the tests no trouble was experienced 



Temperature correspond- zTO 
ing to Boiler Pressure. 



Temperature correspond- 
ing to Chest Pressure. ^^ 



Boiler Pressure 
Lbs. per sq, inch. 



Profile 
Maximum Grade 1% 



Speed fn miles per hour, fo 




'20 ' 50 -f^ ' 5/ 55 €0 ' 70 

Test of Vauclain Superheater ; Chicago, Rock Island and Pacific RR. 



90 



fitted with the superheater, an oil thermometer cup was placed 
in the steam chest in exactly the same manner as on the 
superheater engine. Readings were taken under conditions 
as nearly as possible the same as those under which the super- 
heater engine was run. These readings show that the steam 
averaged about 24° lower in the steam chest than the tem- 
perature of saturated steam at boiler pressure, and it was 
concluded that the superheater under test was responsible not 
only for raising the temperature of the steam 32*2" V, above 
the average steam from boiler pressure obtained on the El 
Paso division, but it prevented the steam from cooling 24*^ 
F. ; in other words, it added 57*2" F. to the temperature of 
the steam when It entered the cylinder. This result was ob- 
tained when running at an average speed of 15^ miles an 
hour, and if higher speed had been obtained it is evident from 
the data given that the degree of superheat would have been 
det'idedly imTcased. The average moisture in the steam 



in. lubricating the cylinders of the superheater engine with 
the ordinary sight feed lubricator. 

In the measurements of coal and water it was noticed in- 
cidentally that a large increase in consumption attended the 
hauling of the same tonnage over the same division, due to 
extra stops and longer time on the road. For example, two 
runs on the El Paso division, Dalhart to Tucumcari, each 
train weighing 1,900 tons, one making four stops, the trip 
occupving yh. 36min., the other six stops, the trip occupying 
gh. 4imin., a difference of 2h. ^min. The coal consumption 
in the former case was iH,i72lbs. and in the latter 20,30ilbs., 
a difference of 2,T29lbs. of coal, or 117% more on the long 
trip. 

The average water used per i.h.p. on the Illinois division 
was 27'5ibs , and on the El Paso division 22-61bs. These 
figures may be compared with the water consumption found 
in tests mack- in March, 1006, on the lUniois division of the 
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Rock Island of a balanced compound locomotive, No. 290, 
Chicago and Eastern Illinois RK., and a simple engine, No. 
1,522, Chicago Rock Island and Pacific RR. 

The simple engine used an average of 33"64lbs. of water 
per indicated horse-power hour, which is i8% more than that 
used by the superheater engine (in the test here described 
both engines were running on the Illinois division) and 32% 
more than that used by the superheater engine on the Kl 
Paso division. The compound engine used 29'39lbs. water 
per i.h.p., or 6*3% more than the superheater on the Illinois 
division and 23% more than it used on the El Paso division ; 
that is, there was an average saving on both divisions of 
31% over the simple engine and 14% over the compound 
engine, in favour of the superheater. 

From the results obtained in the more recent test it was 
concluded that a locomotive of this type, equipped with a 
superheater, will show a saving of 15% in the water (con- 
sumption and 11% in the fuel consumption, over a similar 
single-expansion engine without superheater. The tables 
below give the general average of the tests of three round 
trips each on the Illinois division and on 
the El Paso division, and an analysis of 
the coal used under each series of tests is 
also given. A chart similar to the one 
here illustrated was made for each test 
trip, and in this way the various conditions 
could be easily compared. The lines show 
for the whole trip : Boiler pressure, actual 
steam chest temperature, temperatures 
corresponding to boiler pressure and to 
steam chest pressure, a profile of the line 
and the speed in miles per hour. The 
numbered marks on the bottom line show 
where the indicator cards were taken. 
The particular diagram here shown re- 
lates to the trip from Dalhart to Tucum- 
cari on August 12th, with 45 loaded cars, 
3 empty cars and i caboose. The total 
weight of the train, back of tender, was 
1,838 tons. The average superheat on 
this trip was 31° F. and the average 
boiler pressure i^gilbs. The coal burned per square foot 
of grate per hour was 4r)-3lbs., and the equivalent water 
evaporated per lb. of coal 789lbs. Referring to the speed 
curve, it will be noted that this heavy train was rapidly 
accelerated in starting on grades, though the working pres- 
sure was i63lbs. 
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Warner's Non-Parallel Axle Truck. 

The question of rail and wheel wear on most tramway sys- 
tems has become a serious matter, and various designs of 
radial trucks have, from time to time, been introduced with 
the object of t)vercoming the causes of this abnormal wear. 
One of these, known as the ** Warner Truck "or Steering 
Control," has been running on the West Ham Corporation 
Tramways for about two years, and on the loth January was 
(by the courtesy of Mr. H. E. Blain, manager of the tram- 
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Fig. I. 

ways) shown to a large party of engineers and representa- 
tives of the press at Plaistow. 

The demonstration was quite successful, and to enable 
the movement of the trucks to be seen the floor of the car 
was removed. The car was purposely run at the highest 
speed practicable over a line abounding in sharp and 
irregular curves, but the ease with which the wheels took 
the points and curves was most remarkable. 

The arrangement of the truck is simple, and consists of 
the ordinary sub-truck or radial frame with a king pin. 
From the ends of the axle boxes links are suspended by pins 
put in at such an angle that the links can and do conform 
to the radial movements of the sub-truck. The bottom ends 
of the links are made in a similar manner and coupled to a 
spring carrier, the lower pins being at the same angle as 
those above. The bottom of the main frame is slotted to 
allow the links to swing without restriction like the holster 
suspension links on a railway carriage bogie. 

Fig. I shows the Warner truck, and it may be noted that 
the king pins do not carry any weight, but are simply used 
for what Mr. Warner calls central propulsion, all longitu- 
dinal stresses between the axles and the vehicle being taken 
by these pins on the centre line of the car. Two suspension 
links arc shown at each axle box, the axle boxes swinging 
at a circular angle to the main yokes and making no contact 
with them whatever. 

The steering of the vehicle by the track is applied to the 
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main truck frame or the carriage-body only after the rolling 
plane of the wheel has been changed, and the wheel has 
rolled in the new direction sufficiently to give a considerable 
inclination of the links. The arrangement is such that it is 



Mg. 3 shows 
These lines are 
vehicles, a fine stream of liquid being projected from the 
front of the car. The photograph shows that three different 



a typical example of ** Warner Lines.*' 
a test recording the oscillation of various 






PARALLEL /»yL£ T^UCK, 




TRUCK 



CONro^MITV 




Fig. 



possible to obtain an extremely delicate transverse connection 
between the wheels and the vehicle, and not only are the 
wheels steered continually, but the body of the carriage may 
follow a line almost mathematically straight, which Mr. 
Warner calls the ** Conformity Line,*' and which he defines 
as ** the most perfect path a vehicle running on a given track 
could follow," iTs in the sketch, fig. 2. The practical 
irregularity of the short piece of straight track shown, is 
exaggerated, to emphasise the difference between the prac- 



Fig. 3. Typical Example of " Warner Lines.*' 

tical straightness of the best track and that of the ideal line, 
which, if it could be followed, would hardly give any sense 
of motion to a person riding in the carriage. A parallel axle 
truck is shown in such a position as to illustrate the well- 
known difficulty of oscillation with four-wheeled trucks. 



cars had been tested for the purpose of comparisons. Close 
measurements can be made between a *' Warner Line " and 
the rails, and thus the side movements of the carriage-body 
can be ascertained. The lines shown were taken from one 
end of each car, but had they been taken from the centre they 
would record with a vertical nozzle, almost the Conformity 
Line in a horizontal plane. In a vertical plane the Con- 
formity Line is taken at the height of the centre of gravity 
of a car, and Mr. Warner states that it is parallel to the con- 
tour line. 

It is claimed that this suspension applied to railway 
vehicles would render excessive flange pressures and swaying 
impossible, and thereby greatly reduce draw-bar pull and 
wheel and rail maintenance, but any further particulars that 
may be desired can be obtained from Mr. J. S. Warner, 
Dartmouth Street, Westminster, S.W. 



The Locomotive fronn Cleaning to Driving.— XIV.* 

By 
John Williams, Locomotive Inspector Great Central R., and 
Jas. T. Hodgson, Mechanical Superintendent School of 
Technology y Manchester. 
Lubrication. 
The ** Boycr " speed indicator, lig. 43, as supplied by 
Messrs. CI. D. Peters and Co., automatically records upon 
a chart the exact speed at which any point on the road is 
passed, the number and location of the stops, and the dis- 
tance, speed and location of any backward movement that 
may be made. 

Moving around a drum in the upper part of the machine 
is a ribbon of paper, having thereon horizontal and perpen- 
dicular lines, each horizontal line from base or zero line re- 
presenting 5 miles an hour and each perpendicular line a mile 
post along the road. If the locomotive be moving at the 
rate of 20 miles an hour the pencil will trace its mark upon the 
fourth line from the base or zero, and for every mile travelled 
the paper will move under the pencil i inch, or the exact dis- 
tance from one vertical line to another. A gauge similar in 

•Copyright. No. I. of this series appeared in February, 1007; No. II. in 
March, 1907; No. III. in April, ic)07 ; No. IV. in May, H)o7 ; No. V. in 
June, 1907; No. VI. in July, 11)07; No. VII. in .August, 1907; No. VIII. 
in September, 1007; No. IX. in October, 1907; No. X. in November, 
1907; No. XI. in December, iquy ; No. XII. in January, 1908; 
No. XIII. in February, 1908. 
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appearance to a steam ^aiij^e, with a needle pointinj^ to the 
number of miles per hour at which the locomotive is movinj;-, 
is fixed inside the cab, in full view of the driver. The chart, 
fig. 44, is reproduced about one-third actual size and was 
placed in the recorder when the engine was in the shed. It 
will be noted from the chart that the shed was about 1 -3 miles 



from the point at which the train commenced its journey and 
that the engine made one stop on the way down. After pull- 
ing out with the train the first stop was made at a point a little 
over 2 miles from the commencement of the journey, and a 
second stop about 11 miles further on; the highest speed 
attained between the first and second stops being thirty-five 
miles an hour. 

In passing through the different grades from cleaning to 
driving sufficient time will have elapsed for the driver to 
have picked up many useful hints with regard to the proper 



mental heads insist upon the strictest super\ision. thus 
there is a large amount of credit always to be obtained by the 
economical use of oil, just as there is regarding the con- 
sumption of coal. That the wearing surfaces may Ix! 
damaged by an insullicient supply of oil is incontro\ertil)le, 
so that the driver may sometimes feel that he is between the 
hammer and the anvil in attempting to economise on the one- 
hand, with the blame that would result from failures due to 
heated axles or bearings on the other hand. 

The matter, howe\er, is not quite so arbitrary as wiuild 
ap])ear at first sight, for by the proper attention to trimmings, 
the viscosity of the oil, the atmospheric conditions, and the 
removal of trimmings when standing for any length of time, 
many drops of oil may be saved, which tell their own tale at 
the end of the month. 

Then again, by strict attention to the cleanliness of lubri- 
cators, syphons, trimmings, and oil pipes, etc., a steady sup- 
ply of oil can be ensured, thus keeping the wearing surfaces 
in far better condition by the steady application of a few 
drops of oil at the proper time and place than by flushing the 
surfaces with a larger quantity of the lubricant in an inter- 
mittent manner. 

The movement or lack of movement in the part to be 
lubricated determines to a certain extent the method of lubri- 
cation; conrnccting rod ends, eccentric straps, and coupling' 
rods, for instance, where the movement is sufficiently pro- 
nounced, arc lubricated by the agitation of the oil in the cups 
when the engine is working, plug trimmings being usually 
fixed inside the central oil tube so as to regulate the flow to 
the bearings, as in iig. 45. 

Those portions of the engine ha\ing no throw are gener- 
ally lubricated by means of tail trimmings, which syphon 
the oil from boxes or wells, as in the case of the piston rods, 
valve spindles, and axle boxes, etc., or from cup lubricators 
as usually fitted to the top slide bars. 

By taking off the syphon tops, where plug trimmings are 
used, at the end of each journey to sec exactly how much oil 
is in the cups, a driver can soon learn to regulate his trim- 
mings so as to feed just the quantity of oil required. 

Much depends upon the manner in which the trimmings 
are made, for by carefully adjusting the number of the 
worsted strands to suit climatic conditions or thickness of 
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application of the lubricants to the wearing surfaces, and in 
this there is ample scope for the display of that discretion 
which should guide him in adapting his methods to suit the 
various circumstances and conditions under which he is ex- 
pected to run his engine. The oil consumption in the work- 
mg of a railway is so large and so costly that the dcpart- 



oil, etc., a known quantity can constantly be fed so as to give 
a steady supply to the bearings. 

In making a big end trimming, for example, first measure 
with a piece of wire the distance from the top of the syphon 
pipe to the bearing, and ascertain at the same time the thick- 
ness of the brasses. Assuming that this distance is, say, 
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(.ii)s., the wire sluiuld be twisted for about 4ins. in the middle! 
purl, leavinj,^ the doubled end for the bottom, and the two 
ends sufficiently lon^^ for bendin^^ at the top. Wrap the 
wursted sinj:,Hy len^'^thwise over the twisted part of the win- 
to the required thickness, counting the number of strands so 
a-; to know exactly how many will be required when replac- 
inj^S or for any alteration that may be made necessary by a 
chan^^e in the* thickness of the oil supplied from the stores. 
After wrapping the worsted, twist the ends left for the top so 
as to leave ^in. of bare twisted wire, which will make the 
trimming about siins. from the top of the wire to the bottom 
i>f the worsted. Bend the ends for the lop outward and up- 
ward so that the wire will rest upon the top of the tube to 
prevent the trimmings from slipping; downwards, and the up- 
ris^ht ends will come into contact with the syphon cover, thus 
preventing the trimming: from being: thrown upward by the 
throw of the crank. 

(five two neat short turns to the wire below the worsted, 
so that they will just enter the brasses, so as to conduct the 
<iil to the bearing:, and the ^in. piece of bare wire inside the 
lube at the top will act as a reservoir, allowing: the oil to 
steadily feed its way downward throug:h the worsted to the 



F'g- 45- 
journal. A small hole is bored thfOug:h the cap of the syphon 
and tapped. It is usually plug^g:ed with cork, cane or some 
such porous material, thus allowing: the admission of a cer- 
tain amount of air necessary to permit the feeding: of the oil 
and at the same time preventing: the oil being" thrown out of 
the cups by the motion of the rods. 

The string:ing: of these corks, althoug'h a simple matter, 
should be done as neatly as possible, thus g^iving^ evidence of 
careful attention on the part of the driver and fireman. The 
corks are dispensed with in some types of lubricators, the 
Jioles in the caps being: closed with a button which is held in 
position by a spiral spring:. In this type of syphon the trim- 
ming is also sometimes replaced by a bent wire, which 
projects a short distance down the tube, so that the 
oil which it retains at every throw of the rod drops from its 
end down to the journal. This is known as a " needle " 
lubricator. Another type is Bang:'s patent, and in this the 
oil hole is plujig^ed with a screw pierced by a small hole which 
allows sufficient oil to pass. (Sec illustratiotis on pa^cs «S*5 
and SO oj this issue.) 

The forcg:oinf( lubricators are not really syphons, but 
ha\e been so d*\sign)ated be<ause they are g:enerally 
referred to as such by drivers and firemen. Lubricators 
with tail trimming:s, however, may be classed as syphons, 
seeing that the oil is syphoned from the oil-box or well, first 



upward and then downward from the hig:her to the lower 
level by the capillary attraction's action in the trimming. In 
supplying the oil to the part to be lubricated each worsted 
strand may be looked upon as a small capillary tube which 
has a continuous action as long as the oil supply lasts, hence 
the necessity for removal of trimmings where possible at 
such times when the supply of oil is not required. The amount 
of oil that a trimming will convey is therefore varied by the 
thickness of the oil, the numbei of strands, or cleanliness of 
trimming. 

The mops which are used in conjunction with tail trim- 
mings for lubricating the valve spindles and piston rods are 
soon apt to look filthy, so that fairly frequent renewals should 
be made if only to denote that they are receiving the required 
attention. 

Tail trimmings will also be found on different parts of 
the motion work. They are so simple that little need be said 
about their construction, beyond mentioning that for axle- 
boxes, etc., the twisted wire should be of sufficient length to 
allow the trimming to just enter the brasses. 

Before leaving the shed the drivei should examine the 
engine and bogie axles-boxes to make sure that the oil is in 
contact with the journals. If water has found its way into 
the boxes during the washing out, it should be syphoned out, 
otherwise the oil will float, and only water will be in contact 
with the journal, which would be liable to heat up owing to 
the oil supply being cut off. Ihis also applies in a lesser 
degree to the other lubricators, as by the displacement of a 
cork or a cover water might be retained, which would inter- 
fere with the proper lubrication of the parts affected. 

For the lubrication of the piston rings or the valve faces 
the presence of steam and the temperature of the parts to be 
lubricated must be taken into consideration, so that the 
methods adopted are very different to those already quoted 
for the motion w-ork, etc. Ordinary oils which might be 
suitable under atmospheric conditions would in most cases be 
totally unsuited to the high moist temperatures, and would 
vaporise or entirely lose their lubricating qualities immediately 
they were introduced into the steam chests or cylinders. The 
oil mostly adopted is a thick black mineral oil, which has 
satisfactorily withstood severe tests under high steam pres- 
sures and temperatures. Seeing that the piston ring friction 
is always present when running, the lubrication of the cylin- 
ders must be continuous either with the steam pressure in the 
cylinders, or with steam shut off as when drifting or running 
down a bank. The Furness lubricator, which is sometimes 
lilted to either the back or front covers and sometimes to the 
crown of the cylinders, is most extensively used for supply- 
ing oil under the latter conditions. The presence of a 
vacuum when drifting has already been mentioned in describ- 
ing the principle of the air valve, and this principle is applied 
to the Furness lubricator, the suction caused by the pistons 
being made to lift a small valve, which admits a few drops of 
oil from the body of the lubricator to the cylinders. The lift 
of this valve should be as little as possible so that it is re- 
turned quickly upon its seal, otherwise the oil will be driven 
back by the returning piston before the valve has closed. It 
is maintained upon its seat by the pressure when steam is 
admitted to the cylinders, so that a little grinding is necessary 
from time to time, otherwise the steam will leak past, and 
the resulting condensation will eventually fill the lubricator 
w ith water. 

Many types of lubricators are made for introducing oil 
against the pressure, as when steam is present in the cylin- 
ders, a common method, that was at one time almost 
universal for hx^omotive purposes, being to admit steam into 
the body of the lubricator, and by the gravity of the resultant 
water of condensation force the oil into the steam pipe or 
steam chests. This type is called a displacement lubricator, 
and the one known as the *' Roscoe " fitted to the sides of 
the smoke-box was perhaps the most extensively used. A 
small pipe from the main steam pipe in the smoke-box is 
connected to the upper part of the lubricator, and the water 
formed by condensation of the steam supply falls by its 
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specific gravity to the bottom of the oil cup, thus displacing 
the oil, which is forced outward through the tube to the main 
steam pipe. It will therefore be evident that a small amount 
of space should be left above the oil in the cup when re- 
filling, so that room will be provided for the initial condensa- 
tion to take place before displacement can commence. A 
drain-cock is fitted to the bottom of the lubricator for drain- 
ing the water, which should only be tightened up by hand and 
not with a spanner, as is often the case. If the seating is 
not already damaged it may be injured by screwing up too 
tight, and if faulty should be attended to by the shed staff. 
A small valve regulates the oil supply to the main steam pipe 
by controlling the steam inlet to the lubricator. 

Although ordinary displacemen* lubricators have in times 
past been extensively used, the difficulty of access for regu- 
lating or re-filling during a journey made the introduction of 
'*sight feed** lubricators advantageous from the driver's 
point of view by giving him a better and more positive con- 
trol over the oil supply to the steam chests or cylinders. 

The small pipe passing from the main steam pipe through 

the smoke-box to the displacement lubricator was also liable 

to be damaged by the fireman's shovel when cleaning out the 

smoke-box, or to be gradually burnt away by the hot ashes 

and eventually burst. When this occurred a bad blow up the 

chimney would be developed which many times has misled a 

driver, since a faulty valve may sometimes give a somewhat 

similar blow. rn> i. ±» j \ 

flo he continued.) 

Recent Patents relating to Railways. 

These abridgements of recently published specifications arc 
specially compiled for this Review by Messrs. W'heatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of the specifications can be obtained 
at an uniform price of 8d, each. 

Train Indicating and Controlling Apparatus. 25, 7/ j. 
14th November y 1906. W, R. Sykes^ Jun.^ ** JVyndcotty^* 
Birchivood Park Avenue^ Swanky, Kent; IL 1\ If'. Reason^ 
ii'jy Murchison Road, Leyton, Essex; and F. IF. Leake, 
Great Eastern Railway, Liverpool Street Station, London. 
This invention consists of an improved method whereby it 
can be ascertained whether the whole of a train has pasesd 
over a given point on a railway as at a terminal station, into 
or out of a siding, and into or out of an ordinary block sec- 
tion, and utilisation of the rail contact or treadle used and an 
electrical current for the counting of the wheels of a train to 
also indicate the direction of the train and to utilise that in- 
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formation for giving selective sound or other signals at a 
gate level crossing and by means of an electrical counter and 
indicator to so indicate the number of wheels to control the 
use of signals that the same signals may not be used until 
the same number of wheels passes out of the station, siding 
or block section that entered into it. A deal plate X and 
index hand Y of a wheel counting and registering apparatus 



are mounted to revolve about a common axis, and arc adapted 
respectively to rotate as one with the propulsion wheels x and 
y through which they receive motion from the electro-magnets 
X* and Y' respectively. Upon the spindles X^ and \*^ which 
carry the dial plate X and index hand V, arc also mounted 
contact bars X** and V* adapted, when the index hand V is 
in the zero position relatively to the dial plate X, to close a 
circuit between two insulated stationary spring contacts X* 
and V^ which bear respectively on contact rings X* and Y^ 
rotating as one with the dial plate X and index hand Y. The 
closure of this circuit may be utilised to so control the signals 
commanding a terminal bay, sid'mg, or block section ol the 
railway that the signals employed to admit a train thereto 
cannot be used again for a like purpose until the mutual 
angular displacement of the dial plate X and index hand Y 
brought about in consequence of the entrance of a train into 
such bay, siding, or section, has been nullified by the subse- 
quent restoration of the dial plate and index hand to normal 
or resting position wherein the index hand points to zero on 
the dial as before. In the arrangement illustrated in fig. 3, 
which may represent the apparatus as applied to control the 
signals commanding the entrance to a terminal bay or siding, 
a single train-operated circuit closer is employed for operating 
the electro-magnets X* and Y*. The circuit closer comprises 
a treadle B extending alongside of the permanent way rail 
and yieldingly supported so that its upper surface is parallel 
to that of the rail but adapted to be depressed by the flanges 
of each successive pair of wheels of a train passing over the 
railway in either direction. For this purpose the treadle B is 
pivoted at opposite ends, as at c and J, to two vertically 
slidable rods C and D which are guided in bearings as at C* 
and D* and pressed upwards so as to maintain the treadle B 
at normal level by means of springs C^ and D* which may bi: 
coiled about the rods C and D and confined between collars 
on the rods and fixed abutments as indicated. Pivoted to thi* 
opposite ends of the treadle B, preferably at the points c and 
d, are also two vertically slidable rods E and F which arc 
guided similarly to the rods C and D respectively so as to 
participate in their movements, the rods E and F carrying 
insulated contact pieces e and / which, on the treadle B being 
depressed from one end or the other, close an electric current 
between pairs of contact springs E* E'-^ or F^ F^. Of these 
springs E* and F* are both to earth through a batter)' G, 
whilst E^ and 1**^ are connected by wires 2 and 3 with contact 
springs a* and y* whose positions are controlled by those of 
the armature levers X^ and Y^ of the electro-magnets X^ and 
Y^ respectively. Normally, that is to say so long as the 
electro-magnet X* is not energised, the armature lever X^ 
holds the spring x* against a contact x^ and away from a 
contact .v^, this condition being reversed when the magnet 
X^ attracts its armature. Similarly, so long as the magnet Y^ 
is not energised, the armature lever Y^ holds the spring y* 
against a contact y^ and away from a cx)ntact y', this con- 
dition likev/ise being reversed when the magnet \'^ attracts 
its armature. The contact .v^ is connected by wire 4 to one 
end of the winding of the electro-magnet Y', and by the 
blanch wire 5 to the contact y^ ; whilst the contact y^ is con- 
nected by wire b to one end of the winding of the ek^clro- 
magnet X^ and by the branch wire 7 to the conact .v^ 
(Accepted 14th November, igo'j.) 

Point and Signal Apparatus. 1^,241. isth July, 
igoy. A. G. Kershaw and Saxby and Farmer, Ltd., $j, 
Victoria Street, Westminster. 

Bars 3 and 4 constituting a split stretcher are pivotally con- 
nected by links 16 and on the links is pivoted a rotary locking 
member 17 upon which are formed pieces 18, 19 having re- 
spectively convex faces i8*, 19* adapted to engage with the 
concave faces 7*, 8* of lugs 7 and 8 on a base casting 0, and 
concave faces 18'', 19^ adapted to engage with the (onvex 
faces 9' and 10* of lugs 9 and 10 on the base casting 6. At- 
tached pivotally to the pieces 18, 19 are rollers 18'', ig*" which 
also engage with the laces 7*, 8*, 9*, io» of the lugs 7, 8, g, 
10 of the base plate 6. Upon the rotary locking member 17 
are also formed locking pieces 20, 2r, 22, 23, 24, 25 which 
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are adapted to engage with notches 26, 27, 28, 29 of the split 
stretcher or bars 3 and 4. A rod or link 30 is pivotally con- 
nected at one end 31 to the rotary locking member 17 and at 
the other end to a* crank 32. The crank 32 is connected by 
a rod or link 33 to the locking bar 34, and the locking bar 34 
is connected to the operating lever. To the rotary locking 
member 17 a connecting part 38 is attached at 31 and 39. 
At one extremity of this connecting part 38 is a rod or link 
40 which is conected to or forms part of the locking slide 41 
of a signal detector 42. Assuming the parts to be in the 
position shown in fig. i, a movement given from the signal 
cabin to the rod 37 is transmitted to the rod or link 30 moving 
it in the direction of the arrow. The first portion of this 
movement of the rod 30 will revolve the rotary locking mem- 
ber 17, disengaging the face i8* of the piece 18 from the 
face 7* of the lug 7 and also disengaging the face 19^ of piece 
19 from the face lo* of lug 10, and also withdrawing the 
locking pieces 21, 25 from the notches 26, 29 of the bar 4 
and the locking pieces 22, 24 from the notches 2'j^ 28 of the 
bar 3, thus unlocking the points. At the same time the i*e- 
volving of the rotary locking member 17 revolves the con- 
necting part 2^ with it and so moves the rod 40 and the inter- 
locking bar or slide 41 of the signal detector 42 thus locking 
the signal slide or slides which, with the points as set in fig. 
I, were free. By the time face i8* of the piece 18 is clear of 
the face 7* of the lug 7 and the face 19*^ of the piece 19 is 
clear of the face 10* of the lug 10 the piece 18 will abut 
against the lug 9 and the piece 19 will abut against the lug 8 
as shown in ^^, 2. Owing to the abutment of the piece 18 
of the rotary locking member 17 against the lug 9 and the 
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piece 19 of the rotary locking member against the lug 8, the 
rotary locking member 17 can revolve no further, so that the 
continued movement of the rod 30 in the direction of the 
arrow will draw the rotary locking member 17 along with it ; 
with the rotary locking member 17 will move the links 16 and 
the bars 3 and 4, thus moving the switch points i^ i<^ from 
the normal {>osition shown in fig. i to the reverse position, 
I.e., with the switch tongue i^ against the stockrail i and the 
switch tongue 1*^ away from the stockrail i*. The connecting 
part 38 is also moved along with the rotary locking member 
17 and moves the rod 40 and the interlocking bar or slide 41 
of the signal detector 42. This movement of the interlocking 
bar 41 still keeps the signal slides locked. The final part (if 
the movement of the rod 30 again revolves the rotary locking 
member 17 and causes the face 18'* of the piece 18 to engage 
with face 9* of the lug 9 and the face 19* of the piece 19 to 
engage with the face 8» of the lug 8 and also inserts the 
locking pieces 20, 24 respectively into the notches 26, 29 of 
the bar 4 and inserts the locking pieces 21, 23 respectively 
into the notr^hes 2j, 28 of the bar 3, whereby the points are 
lo( ked in their operated position, the parts of the point 
operating and locking apparatus being then in the position 
shown in ?i^. 4, With this revolving of the rotary locking 



member 17 the connecting part 38 is also revolved 
and moves the rod 40 and the interlocking bar 
41 of the signal detector 42 and releases the 
signal slide or slides for the points in their reverse position. 
{Accepted 21st November, 1907.) 

Suspending Dynamos for Train Lighting. 2g,42j, 
24th December y igo6, IF. R. Preston, of ]. Stone and Co,, 
Ltd., Deptford, C. Roe and C\ H. Roe, 6, East Mount Road, 
York. 

This invention consists in suspending a dynamo, for the elec- 
tric lighting of trains, from the body of the vehicle in such a 
manner that the dynamo may follow the lateral movements of 
the axle from whcih it is driven, so that the driving and 
driven pulleys shall always be in line and the tension on the 
belt the same whatever curve or bend the train may pass 
over. The invention is particularly applicable to bogie coaches 
or cars, and comprises a frame pivoted at c to the bogie 
truck a. The dynamo d is connected with the end of the 
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frame and at the same time supported from the bottom of the 
underframe e by a slide / jointed to the frame b and adapted 
to slide on a slotted curved guide g; the centre of which is 
struck from the vertical axis or pivot of the bogie truck. The 
slide is suitably provided with rollers h to reduce friction, and 
the dynamo is hung from links i provided with an adjusting 
screw k passing through a bracket /, and which by nuts m m 
regulates the tension of the belt. The dynamo is 
driven as usual from a pulley n mounted on one of the axles o 
of the bogie truck by a belt which passes round the pulley. 
(Accepted yth November, rgoy.) 

Anti-friction Mechanism for Wagons. 27,289. 
;^oth November, 1906. A. Spencer, "j^. Cannon Street, 
London. 

In anti-friction mechanism wherein large anti-friction wheels 
are arranged one at each side of the horn plates on a short 
axle passing through a bearing box, such box has hitherto 
been liable to jamb between the strap plates or the horn 
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plates, and the present invention is designed to obviate this. 
I'Or this purpose the bearing box d of the axle c is arranged 
to rock between the straps /, and between the horn plates o. 
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The upper sides k of the lateral flanges ni of the bearing box 
d are curved and the sides ti of the flanges m taper off in a 
downward direction, so that whilst at their upper parts the 
flanges closely fit between the horn plates o, at their lower 
parts such clearance is left at each side between the flanges 
and the horn plates that the bearing box d can rock about 
the points of contact of the curved upper parts of the flanges 
with the straight undersides of the top members p of the 
straps, clearance being left between the flanges and the side 
members of the straps to permit of this movement. 
(Accepted jjst No7*emher, igoj.J 

Signalling Apparatus. 18,0-74. nth Amrust, igo6. 
C. M. Jacobs, ''St. Cuthhert'sy'' Alexandra Road, Readitifr; 
R. ]. hisell, 17, Russell Street, Readitifr; and E. A. liowden, 
J/, Balfour Avetiue, Hanwell, Middlesex. 
This invention relates to improvements in a signalling instal- 
lation described in a prior specification, Xo. i2,()()i®\ wherein 
a single ramp on the line at ea<'h signalling position raises 
a lever carried by the train to open a normally closed cin uit, 
thereby causing a danger signal to be operated. According to 
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the present invention a mechanical device is substituted for 
the normally closed circuit for operating the danger signal, 
the restraining of the signal being effected ele( trically. The 
whistle a is normally kept closed by a lever /) on an inclined 
surface of which bears a cam c fixed on a disc* d mounted free 
to turn on a spindle e. Also free to turn on this spindle is a 
drum / within which is fixed so as to turn therewith an 
electro-magnet /j- with its pivoted armature c^. The drum 
carries sprocket teeth /^ engaging with which is a chain /? 
having one end attached to a weight i and the other to a 
steel wire /r which extends through a brass tube /?- and is 
connected at its other end with the arm k^ of the lever h by 
means of an insulated washer li^. The free i\M\ if- of the 
armature g^ extends through a port f- in the fa< e of the drum 
/ into a slot d^ in the disc d. The terminals of the electro- 
magnet g are connected by leads / with insulated contacts m 
on the periphery of the drum /. Brushes // bear on these 



contacts, one being connec^ted by lead o with one terminal of 
a winding p on a polarised relay, the other end of which wind- 
ing is connected by lead (>• with earth, while the other brush 
n is connected by lead r** with lever h which is mounted in 
insulated manner on the under-frame of the locomotive. 
When the locomotive passes over a ramp the le\er k is raised, 
whereby the wire /i* is pulled, weight f raised and drum / 
rotated clockwise. In the normal position of the parts the 
end g' of the armature rests in the right hand half of the slot 
J', so that as it turns with the drum it engages with the end 
</- of this part of the slot and causes the disc- to turn with the 
drum. Thus the cam c rides off the inclined surface of the 
lever b and the whistle sounds. When the locomotive has 
passed over the ramp, the lever /c, wire //', weight i and drum 
/ return to their normal positions. The disc J, however, re- 
mains in the position into whic h it has been turned until the 
(»ngine-driver lifts the lever c* which is free to turn on spindle 
r, but engages a stop <P on the disc\ If the line is ck»ar the 
signalman turns a switch to close a circuit through a con- 
ductor on the ramp, the lever k, lead o-, one contact m, the 
magnet g, the other contact w, winding p and earth. The 
magnet g is thus energised and raises its armature g^ so that 
the end g^ thereof rests in the left hand part of slc3t d'\ Thus, 
when the drum / is rotated the end g' of the armature merc'ly 
rides in the left hand hall of slot d^ and the disi^ 
{/ is not turned so that the whistle remains closed. 
(Accepted nth November, jgoy.J 

Couplings (Automatic). S,jSj. 1 nth April, igoy. G 
n. Eatoti, 18, Broxash Road, Clapham Cofumon, London, 
S.\\\ 

Kac^h cM)uprmg member comprises a head or casing A having 
pivoted therein between upper and lower jaws a spring 
pressed tongue B provided with lugs i, 2, 3 and a loiking 
device C with lugs 1 A, 2 \, ^^\. A chamber is also formed in 
the casing to receive a vertical key I) adapted to be operated 
from the ride of the vehicle. In the operation of coupling 
the tongue B being open, its lug 3 comes into contact with 
the opposing tongue of the fellow coupling, and pivoting the 
former round upon its pin and increasing the tension upon 
spring I*', fig. 2, until its lug 2 passes through the re(*ess 4 of 
lc>ck C, and it reaches lug f.\ of the latter, which in turn is 
pivoted upon its centre pin. until its rear lug j;A passes from 
under the partly rounded base of key I), >vhich it had pre- 
viously been suspending, and allows it to fall by gauity into 
the required position against the side of lug 3A of lock C, 
while at the same moment the opposite lug 2A of C comes 
into contact with the opposite side of lug 2 of tongue 1^. 
fig. I, and firmly locks the coupling, after making a connec- 
tion with a fellow automatic coupling, from the fact of C, 
pivoting upon a centre pin, and the lines of force being in 
reverse direction at opposite ends, combined with fact oi the 
pivot pins of B and C being on lines parallel to the centre 




line of the vchic le. Should both the automatic couplings be 
in the unlocked c^r open position upon meeting to make a 
joint connec tion, their lugs t^, fig. 4, being sufTiciently ex- 
tc nded for that purpose, eac^h c^ne simultaneously strikes the 
nose of the opposing tongue B, and pivot both round on iheir 
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pins at the same time, when the same respective movements 
with the locks C and keys D in each coupling is effected as 
that described. The reverse or unlocking position of the 
automatic coupling is effected from the side, by means of 
lever G, or a chain being used to withdraw key I) from the 
locking position at the side of lug 3A of lock C, fig, i, when 
the tension on the spiral spring F, attached to and round the 
base of the tongue R, causes the latter to fly open until 
reaching the wall of the case, and remains there, at the same 
time its lug 2, being in contact with lug 2A of C, fig. i, 
pivots the latter partly round upon its centre pin until lug i 
of B comes into contact with lug i A of C, and continues the 
circular movement of C until its rear lug 3 A passes 
under and holds suspended the key H until another 
connection with a fellow automatic coupling is desired. 
(Accepted 28th November y igoj.) 

COMPLKTE SPIXIFICATIONS ACCEPTED. 

A.D. I(^0(». 

»7504' AutomaHc couplinj^^s. Shailer and Hogan. 

18074. i>ignalling on railways. Jaoob<, In>»en and Bowden. 

255^* Electric block signals. Kinnigan. 

25712. Couniing apparatus and rail contacts, or treadles operated 
by railway vehicles for signalling, indicating, and controlKng purposes 
on railways. Sykes, Harry Thomas William Reason, execu or of tht* 
late Frederick Thomas ilollins and Lrake. 

25773» Ventilators for railway vehicles, iramcars, and for other 
purposes. Beresford. 

25922. Detonating fog signals for railways. Ludlow. 

26360. Construction of mi>nt>ruil locomotives and the like. Penney. 

26394. Device for closing and Icnking and unlocking the doors of 
railway carriages and the like. Brockwrll .md Earo. 

26477. .System of railway fog signaK. Kent-Watson and I.ettice. 

27289. .Anti-friction mechanism for railway wagons and ether 
vehicles. Spencer. 

28901. Railway signalling and like lamps and lanterns. Hamm. 

2915S. Railway signalling imd communicating apparatus. Brook. 

29423. Electric lighting of trains. Preston, Roe and Roe. 

A.D. 1907. 

73. Construction of monorail wagons and vehicfes and the like. 
Penny. 

244, Electrical automatic signalling s}slems for railways. Sayers. 

701. Spark arresters. Notier. 

959. Trucks or bogies ai railway and tr.jmway vehicles. Pan'on. 

1 1 10. Vehicle and locomotive sanding apparatus. Taylor. 

2624. Fog signalling apparatus for use on railways and the like. 
Clough and Watson. 

4150. Railway wagons or van-*. Crouth. 

4477. Indicating on railway engines what signal is being passed 
by a train. Kershaw and Cliff. 

4477a. Indicating to signal boxes the arrival of trains at a signal 
and the working of the signal met hanism. Kershaw and Cliff. 

4477b. Signalling apparatus for branch roads on railways. Kershaw 
and Cliff. 

4734. .Apparatus for cooling vehicles. Inter-colonial Railway 
Company. 

4735' Apparatus for cooling vehicles. Inter-colonial Railway 
Company. 

4867. Axle-boxes for railway and tramway vehicles. Walsh. 

5418. Central buffer couplings. Scharfenb»^rg. 

5729. Block signal system for railways, Wisp. 

6050. Sliding windows for railway carriages and other vehicles. 
Currle. 

7109. Railway signalling. Majunke. 

7394. Underframe for railway and other cars. Hansen. 

7S96. Couplings fc»r railway vehicjos. Marillier. 

8383. Automatic couplings for railway and other purposes. Eaton. 

9040. Tramway and railway rails. Metz. 

ioi6o. Car couplers. Janney. 

11508. Mechanism for controlling the action of railway wagon and 
other full-down doors and flaps. . Mein. 

11189. Couplings for railway and like vehicles. Downing. 

14872. Point signal and the like adjusting mechanism for railroads. 
Doyle. 

16171. Apparatus for fastening and unfastr-ning the bottom doors 
of railway wagons. Pettigrew. 

16241.* Railway point and signal apparatus. Kershaw and Saxby 
and Farmer, Limited. 

16903. Ventilator suitable for railway carriages and other vehicles 
and structures. Kite. 

16946. Railway trains. Krahmer-Mollenberg. 

>73Q3- Joint for railway and tramway rails and for c^rders 
Mitford. 

20549. Method of fixing auxiliary guard rails to tramway track 
rails. Holt and Rhodes. 

21633. Railway joints. Richards. 

23201. Tramway lines. Wolff. 



Crewe; London and North Western Railway. 

Crewe is the largest and most important railway centre in 
this country, if not in Europe, not only on account of the 
large locomotive works of the L. and North Western 
R., but for its busy passenger station and extensive goods 
yards and sorting sidings. 

Through the passenger station never less than 300 pas- 
senger trains pass each week-day, and at the goods yards 
traffic is exchanged between the lines from London, Rugby, 
Birmingham and Stafford on the South ; Bristol, South 
Wales, Hereford and Shrewsbury on the South-West; Holy- 
head (Dublin, Greenore and Ireland), North Wales and 
Chester on the West ; Liverpool on the North- West ; Scot- 
land, Carlisle, Preston, Blackpool, Fleetwood (Belfast and 
N. Ireland), Wigan and Warrington on the North; Man- 
chester, Leeds and Stockport on the North-East; together 
with the North Staffordshire line from Derby, Burton and 
the Potteries and the Great Western from Wellington. 
Crewe is fairly central geographically on the L. and 
North Western system, and much more so from a traffic and 
business point of view. For many years the difficulties of 
getting the trains through gradually became enormous, and 
this remark applies to both passenger and goods trains. The 
L. and North Western R. Company, however, grasped the 
probletn with characteristic energy, and a well-thought-out 
plan for extensive additions for all classes of traffic was 
adopted about 1 1 years ago, the completion of which may 
now be recorded. 

The passenger station has been both widened and 
lengthened. The number of platform through lines has been 
increased from four to six, together with the greater length, 
and the number of bay lines has been increased from six to 
ten. These additions have greatly assisted the working of 
the passenger traffic, and there are now no longer the diffi- 
culties of getting trains into Crewe, dealing with them 
promptly and getting them away. 

But it was worse with goods trains. There was not only 
a lack of accommodation for getting the trains through the 
station, but the space available for all the necessary shunt- 
ing and marshalling was so limited that much of the goods 
train work had to be done elsewhere. To efficiently handle 
the goods traffic it was therefore necessary to provide inde- 
pendent lines through the station and increased facilities for 
marshalling and exchange. In addition, accommodation had 
to be made for the scheme adopted 8 or 9 years ago for 
tianshipping the greater part of the goods traffic that not 
only passed through Crewe, but was handled at the stations 
within an area of many miles of Crewe. 

\ consideration of this great scheme would appear to 
divide itself into four heads : — L, the enlarged passenger 
station; II., the marshalling sidings; III., the tranship shed; 
IV., the underground goods lines whereby the goods trains 
are enabled to pass through Crewe Station without crossing, 
or otherwise interfering with, the passenger traffic. 
1. The Passenger Station. 

The accommodation formerly consisted of two island plat- 
forms. The lines run approximately north and south, so that 
the east island platform was for up traffic and the west for 
down traffic. There were two through lines between the 
west up main and the east down main, with scissor crossings 
between the through and platform lines. It may here be re- 
marked that these through lines were not of much value as 
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such, as engines and extra vehicles for incoming trains had 
to stand on them. At the south end of the up island plat- 
form were two bay lines from which North Staffordshire and 
G.W. trains used to depart, and at the south end of the down 
platform were two other bays at which the same Company *s 
trains arrived. * At the north end of the same platform were 
iwo more bays that were used for local traffic. On the ex- 
treme west, and outside the station wall, were a pair of up 
and down lines over which most of the goods trains passed, 
also many of the non-stopping express passenger and ex- 
cursion trains. 

It is on the west side, and outside the station wall above 
referred to, that the station has been widened. The east 
side of the former up island platform has been lengthened 
at the south end and the west side of the former down island 
platform at the north end. The former up through line 
between the platforms remains as an up through line and the 
down through has been severed in the centre and converted 
into a siding on each side of scissor crossings between the 
up through line and the former east down main. This will 
be understood by reference to the annexed plan, and there 
will also be seen a line passing through the centre of the 
station and entitled ** Up and down platform line 3.** On 



the west side of this is the wall already menticned. The out* 
side up through line has been converted into a down through 
line; the former outside down through line has been con- 
verted into sidings, as in the old station. Then comes a down 
platform line alongside a noble island platform, 500 yards 
long and looft. wide, on the west side of which is another 
down platform line and outside this a down through line. 
There are scissor crossings between the lines known as the 
Down Through Line 2 and the Down IMatform Line 2 and 
the Down Through Line i and the Down Platform Line i. 
South of the latter scissor crossings is a siding between the 
two last named lines. At the north end of the new platform 
are two bay lines, and at the south end there are also two 
bay lines which have a ** run-round " siding between them. 

The new platform is known as Xos. i and 2 platform — 
No. I being on the west side — the former down platform is 
Nos. 3 and 4 and the former up platform is Nos. 5 and 6. 

The accommodation now consists of six platform lines — 
three up and two down and one up and down ten platform 
bay lines and three through independent lines. Four sets of 
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scissor crossincj^s arc provided whereby trains can arrive on 
the through lines and pass to the platforms in advance of 
other trains, and trains can depart from the platform lines 
through the scissor crossings and get in advance of other 
trains at the platforms. The middle sidings are used for the 
accommodation of extra vehicles for strengthening and other 
purposes and for standing engines whilst waiting for their 
trains. There is also plenty of siding accommodation at 
various olaces in the station. 



now arrive and depart independently of the main lines at the 
South Junction. 

On the west side a large dock for dealing with horses and 
carriages has been erected. This has been made of ample 
proportions in order to make provision for dealing with the 
traffic to and from the very important and largely attended 
Horse Sales. For a recent sale no less than 1,266 horses were 
broue^ht by rail to Crewe, most of which came by passenger 
trains. 
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In addition to the former footbridge, with its exit and 
entrance on Nantwich Road, a footbridge has been provided 
further south as shown, with steps on each 
island platform. There is also a subway for 
luggage and parcels which not only serves 
each platform, but extends as far as the par- 
cels office, which is at the end of the horse 
and carriage dock. 

The area of the station is 70,000 square 
yards, of which 47,000 sq. yards is roofed in. 
There are each week day 146 up passenger 
trains through Crewe, and 162 down trains. 
There are also 108 complete movements of 
empty carriage trains. About 182 engines 
use the old engine-shed at the north end of 
station on the Chester lines and 100 use the 
new shed in the angle between the 
main south and the Shrewsbury 
lines. 

The signalling of Crewe has 
been fully described in the Rail- 
way Engineer, particularly in 
the issues of August, 1906 



(p. 259) and February, 1907 (p. 43). AH the points and sig- 
nals in the station— also in the marshalling sidings — are 
operated by electrical power by the *' Crewe " system, which 
is fully described in Raynar Wilson's Power Railway Signal- 
ling. Connected with the station there are four such power- 
operated signal-boxes as follows : — North Junction, 266 
levers. South Junction 247 levers, Station A 26 levers, Sta- 
tion B 26. The Scissors Crossing box contains 36 levers, 
mechanically operated. In the notice in the Railway Engineer 
for February, 1907, there is a view of the interior and ex- 
terior of the North Junction box and a diagram of the lines, 
points and signals. Reference is also made therein to the 
remarkably quick engineering feat performed here on 
November 4th, 1906, when the old box, containing 200 
mechanical levers, was thrown out of use and removed and 
the entire permanent way of the junction re-arranged and 
the points and signals connected up to the new power- 
operated box in 24 hours. 

The station and offices are lighted by 152 arc lamps and 
515 incandescent lamps. 

//. Marshalling Sidings. 

The extent of the marshalling sidings will be appreciated 
by the accompanying diagram. The southern end is con- 
trolled from Basford Hall Junction signal-box. At the northern 

end there are four goods lines which become six — two for 
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Chester and Holyhead, two for Liverpool and the North, and 
two for Manchester and Yorkshire. There are also two for 
the Shrewsbury direction and two for the North StafTordshire 
R. It must be understood that the diagram is not intended 
to show details, and it is not drawn to sca!e. 

Leaving the down fast and the down slow main lines at 
Basford Hall Junction are two lines which skirt the westward 
boundary of the marshalling sidings. The outer of these is the 
down fast goods and the other is the down slow goods. 
Commencing at Sorting Sidings North box is the up fast 
goods line and the up slow goods line, both of which are on 
the east side of the sidings and which join the up fast and 
up slow main lines at Basford Hall Junction. 

The fast goods lines are only used for trains that call at 
the sidings for water and examination purposes. Through 
goods trains that have wagons to leave, or to pick up, at 



which are broken up at Crewe, and which enter these 
reception lines direct from L'p Arrival Line i or Up Arri\*al 
Line 2. Then come Shunting Necks Nos. 2 and i, used for 
movements in and out of the up sorting sidings. 

Fig. 1 is a view looking north from a point on the west 
side of the lines opposite Basford Hall Junction signal-box. 
The nearest line is the down fast goods line, the next the 
down slow goods line, and then the two shunting necks that 
are a continuation of the two North Stafford lines. Fig. 2 is a 
view looking north out of Sorting Sidings South box. On 
the left are the two down goods lines. In the foreground, 
with wagons standing on them, are the three down reception 
lines. To the right of the wagons and on the left of the 
electric light standard are shunting necks Nos. 4 and 3. 

There are 14 up sorting sidings and 30 down sorting 
sidings,' ^*ach capable of holding at least 50 wagons. There 



Sorting Sidings Middle box. 

Between the up fast goods and up slow goods lines are 
an up and a down line for trains to and from the North 
Stafford line. On the I*}orth Stafford line there is a yard 
which has a connection with the line to Basford Hall, and 
off the line from Basford Hall there is direct access to the 
down main line of the North Staffordshire Railway also into 
their yard. Between the line to the N.S.R. and the up slow 
goods line there is a third line, which is an independent 
engine line to the shed. 

Between the down slow goods and the up slow goods 
there are, at the south end, ten lines. The three most 
westerly are reception lines for down trains which are broken 
up at Crewe. Any one of these lines can be entered direct 
from off either the down fast goods or down slow goods. 
Then come shunting necks Nos. 4 and 3, which are used for 
movements in and out of the down sorting sidings. 
East of these are three reception lines for up trains 



Fig. 3 is a view looking north from out of Sorting 
Sidings Middle signal-box. The three-arm bracket signal on 
the extreme right is from sidings A, that to the left thereof 
— with rings on the arms — is from sidings B. Behind this 
and slightly to the left is the signal for sidings C. Then, 
standing alone, come the three-arm signal from the Up 
Arrival Loop and the four-arm signal from Up Arrival Line 
I. To the left again, and almost hidden by the electric light 
standard in the foreground, is the two-arm signal from Up 
Arrival Line 2. Then further to the left, and in order, come 
the signals from sidings D, E, F, G, H — each two-^rm sig- 
nals. The two two-arm high signals on the extreme left 
apply to the down fast goods line and — those with rings on 
the arms— to the down slow goods line. 

At Sorting Sidings North signal-box is the northern end 
of the yard. From here northward are four lines — two up 
and two down — up to Salop Goods Junction, and which pass 
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under the Shrewsbury passenger lines, thereby removing a 
great obstacle to prompt working of trains. To the west are 
two lines which join the Shrewsbury lines at Gresty Lane 



signal-box. To the south of the Gresty Lane lines is the 
Tranship Shed. Controlled from the same box are the five 
up lines already referred to — up fast goods, up slow goods, 
arrival loop, arrival i and arrival 2. There are also two 
separate connections to and from the engine shed. 

Between the two down lines and the two up lines that 
lead to and from Salop Goods Junction is a shunting neck. 

Fig. 4 is a view, looking northwards, taken from a point 
on the down fast goods line — the centre line in the fore- 
ground. The two lines to the left are the Tranship Shed 
lines, which run to the west of the down fast goods line as 
far as the Sorting Sidings Midale box. The Tranship Shed 
is seen in the distance on the left. Fig. 5 is a view taken 
further east. The lines in the foreground are those govern- 
ing access to sidings E, F, G, and to the right are sidings D. 
To the left are sidings H. 

r^^to* ^ gives a very good idea of the marshalling sidings. 
It is taken from the Sorting Sidings North box and looks 
south. The two lines on the left, with the electric light 
standards between, are Arrival Line 2 (on the left) and 
Arrival Line i. The facing points, in the distance, in Arrival 
Line i lead to the Arrival Loop, and to the left of these are 
the up sorting sidings. To the right of Arrival Line i are 
three fans of sidings. The first ladder is for the seven 
sidings in group D. The next ladder leads to groups E and 
F, and the third ladder is for the eight sidings in group G. 
The ladder for the five sidings in group H is behind the 
inspectors* office on the right. Then outside, where the 
water-columns and the two two-arm bracket signals stand, 
are the down fast goods and down slow goods lines. 

Fig. 7 is a view from the same box in the opposite direc- 
tion — northwards. In the foreground are the two Arrival 
lines — Arrival line i being on the right. The connection in 
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the Arrival line 2, and crossing the three next lines, is the 
up goods line from Gresty Lane, on the left of which is the 
down goods line to Gresty Lane. The two lines that are seen 
branching off to the right are the up fast goods — on the ex- 
treme left — and the up slow goods. Behind the junction is 
the connection with the engine-shed. In a northerly direction 
it will be seen that there are five lines of way. The two on 
the right are the up lines from Salop Goods Junction, those 
on the left are the down lines to Salop Goods Junction, and 
in the middle is the shunting neck. To the left of the down 
line to Gresty Lane are seen the buffer stops of the four 
sidings — group J — for Great Western traffic. On the left is 
the Tranship Shed. 

Before leaving the consideration of the Marshalling 
Sidings it may be observed that 30 engines are employed in 
eight-hour shifts. These sort traffic, marshal trains and 
make trips to and from the North Staffordshire yard. Great 
Western Exchange sidings. Tranship Shed, Locomotive 
Works, and Gresty Lane Cattle Market and the Station. The 
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growth of traffic may be judged from the number of wagons 
attached to trains during the month of October of the years 
1903-7. They are as follows : — 

October, 1903 . . i39»974 wagons attached. 
M 1904 ••• H^»359 n n 

M 1905 •• 165,093 ,, ,, 

», 1906 . i74»3i5 »» M 

The totals for the complete years are : — 
Year 1904 ... 1,685,083 wagons attached. 

,, 1905 ... 1,776,850 

,, 1906 ... 1,882,004 ,, ,, 

,, 1907 ... 2,085,494 

The average number of wagons attached during October, 
1907, was 6,556 per diem, but as this includes Sundays and 
Mondays — both slack days the number frequently exceeded 
7,000 a day. The highest record so far is 7,600 on September 
26th, 1907. 

These figures are for wagons attached only ; were those 
detached also counted the number would be about doubled. 

The number of booked through trains for each week day 
13 85. There are 120 trains booked to commence at Crewe 
and 105 to terminate there, so that 310 trains are dealt with 
each week-day in the marshalling sidings. In addition, there 
are about 80 trips daily to the Tranship Shed, Wagon Re- 
pairing Shop, Great Western exchange sidings. North Staf- 
fordshire Yard, Crewe Works, Engine Sheds, Electrical 
Shops, etc. The number of wagons for the three latter places 
average 250 per day. 

The three signal-boxes in the sidings are all operated by 
electrical power on the ** Crewe '* system, and are manned 
in eight-hour shifts. In the Sorting Sidings Middle box there 
are two frames, and two signalmen work in each shift. The 
boxes are : — Sorting Sidings South, 76 levers ; Sorting 
Sidings Middle, 152 levers; Sorting Sidings North, 95 levers. 
Salop Goods Junction and Gresty Lane are operated simi- 
larly, each having 75 levers. Basford Hall Junction has 80 
mechanically operated levers. 

As will have been noticed from the views, the sidings are 
lighted by electric arc lamps of 8^ ampires, equal to 2,000 
c.p. each, with a minimum candle power of 1,500. There are 
132 lamps, which are 30ft. above rail level and placed 60 
yards apart, except at the shunting necks, where they are 
30 yards apart, so as to concentrate the light where most 
wanted. 

The power for lighting the station and yard, for operating 
the lifts in the station and the cranes and capstans at the 
Tranship shed is generated in a power house erected near the 
North Engine Shed. This contains five 120 H.P. sets of 
230 volt Crewe-made dynamos coupled direct to Willans and 
Robinson triple-expansion engines, two 120 H.P. sets of 
660 volt Crewe-made dynamos, and two 50 H.P. sets of 
660 volt Crewe-made dynamos coupled direct to Willans and 
Robinson high speed triple-expansion engines. Two Lanca- 
shire Dynamo Co.*s dynamos, 660 volt, 165 H.P., direct 
driven by Belliss and Morcom engines, and a battery of 120 
cells, Chloride Electrical Storage Co.'s make, i,ooo ampere 



Portable Acetylene Flare Lights* 

We recently had an opportunity of inspecting the Portable 
Acetylene Flare Lights, of which Messrs. C. C. Wakefield 
and Co., 2^^ Cannon Street, London, E.C., arc the patentees 
and sole manufacturers. 

Oil flare lights have been largely and successfully used 
mainly because there was nothing else on the market, and 
emergency, permanent way, bridge, and breakdown work 
has generally been carried out by their assistance at night 
ti.Tie. But the faults and disadvantages of the oil flare ar^ 
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door I is closed and screwed up gas and water tight on a 
rubber packing ring P. The plate R across the retort is to 
prevent the possibility of the carbide choking the gas outlet 
when it swells. The reservoir F is filled with water, and the 
lamp is then fully charged ready to make gas. 

When the light is required the knob E is lifted and 
turned through a right angle. This movement lifts the peg 
on the rod attached to E out of its slots and rests it on the 
ledges of the guide as shown. At the lower end of rod on E 
is a conical valve E^» through which the water passes down 
the pipe H to the chamber F-, which it fills, and then through 
the water inlet L to the retort K, in which is the carbide 
container Q, Gas is immediately generated, and expels the 
air from gas chamber through the gas pipe C and the burner, 
and is then ready to be lighted. 

The burner is adjustable, and by simply turning a disc 
A (provided with a pointer) may be regulated to give a flame 
of from 500 to 5,000 c.p., the correct positions for the disc 
being clearly marked on the back of the burner. The burner 
is provided with a conical reflector fixed by a thumb screw 
O, and by means of the packed joint at B the light can be 
turned to the direction required without moving the lamp. 

The generation of the gas is controlled automatically. If 
the burner does not consume the gas as fast as it is made 
the pressure in the gas chamber rises and the water is forced 



Fig. 2. 

well known to engineers and contractors, and on the grounds 
of safety, cleanliness and convenience acetylene should com- 
mend itself. 

Figs. I, 2 and 3 illustrate the lamps, which are made in 
two sizes, to burn 6 and 12 hours (when giving a light of 
3,000 c.p.) respectively. Fig. 3 also shows a small hand 
lamp, of which fig. 4 is a larger illustration. 

The weight of the 6-hour size is io5lbs. empty and igSlbs. 
when fully charged with carbide and water; the 12-hour size 
weighs i4olbs. empty and 30olbs. charged. The standing 
space required does not exceed 22ins. and 24ins. square for 
the two sizes respectively ; the heights to the top of the 
reservoirs are 4ft. 2in. and 4ft. 5in. and to the burner 5ft. 
gin. and 6ft. respectively. 

Fig. I shows the interior of the lamps, which, it will be 
observed, is very simple, and well able to bear with the rough 
usage which all railway and contractors* plant is generally 
subjected to. 

The beauty of the light produced by acetylene cannot be 
disputed, as it approaches day-light more nearly than any 
other artificial light. 

The gas in these lamps is made on the water to carbide 
principle. The carbide is placed in the containers Q, which 
are divided by double partitions into three compartments, 
which have the holes admitting the water at difl"erent levels, 
so that the three lots of carbide are attacked in succession. 
The containers — filled only about half full to allow for the 
expansion of the carbide — are placed in the retort K, and the 
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Fig. 4. 

down away from the carbide and up the pipe H into the 
reser\'oir F and the generation of gas is retarded. If the 
water overflow the top of the reservoir no harm results, as it 
simply shows that the gas is temporarily taking the place of 
the water. Should generation of gas be continued after valve 
E^ has been closed, a pressure of 5lbs. is sufficient to open 
this valve. Anything in the nature of an explosion cannot 
take place. 



Fig. 7. 



Fig. 6. 

When the light is not required the valve E' is closed and 
the drain valve G* is opened by means of the hand wheel G ; 
the light then soon burns itself out, and the remaining unex- 
hausted carbide is preserved for use at another time, when 
the lamp can be relighted by re-admitting the water as ex- 
plained above. 

It will be seen from the drawing that the pipes and valves 
can be cleaned without difficulty, that 
no waste of gas can take place, and 
that once started the light requires no 
attention. 

The Hand Lamp, f\g, 4, weighs 
empty 11 Jibs, and fully charged with 
carbide and water iSlbs. The reser- 
voir is loins. high and 7ins. wide; 
the height to the top of the reflector 
2iiins. The full charge of carbide 
will give a light of 100 c.p. for 10 
hours, or proportionately longer if a 
smaller frame be used. 

In this lamp the gas generation is 
automatically controlled in a very 
similar way to that described above, 
but in this case the water is allowed 
to drip on to the carbide. 

The larger lamps are provided 
with four handles through which bars 
can be threaded, and two men can 
then carry them very easily. 
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The uses to which these lights can be put on railways arc 
innumerable, but they would seem to be particularly suited to 
form part of the equipment of every break down train. 

Fig. 5 is a view of these lamps lighting a crane at work, 
and fig. 6 shows one of these lights (fitted with a flexible 
pipe) inside a locomotive boiler. For such positions acetylene 
Is only surpassed by the electric light as the flame gives no 
smoke, carbonic oxide gas or sulphur, and very, little heat, 
A\hile its illuminating power is 15 times that of coal gas. 

Fig. 7 illustrates the quality of the light, as it is repro- 
duced from a photograph taken at Bolton at 11.30 p.m. on a 
very wet (raining) night with an exposure of 30 seconds. 
Neither the negative or the photograph have been touched 
up. The light was 20 yards from the tower wagon, which 
A\as 30 yards from the camera. 



OfDclal Reports on Recent Accidents. 

j4t Bolton Brow, Halifax Corporation Trams. On ijfh October, 
Lt.^Coi, E, Druitt, R.E., reports that :— 

Tranicar No. 64 was ascending Pye Nejit Road when it got out of 
control, ran back down the ste<^ hill, left the rails at a curve in Bolton 
Brow, Sowerby Bridge, and overturned after coming in contact with a 
wall. Four passengers and the conductor were killed, and 37 were in- 
jured. 

The car had four wheels and a top deck, weighed, empty, 7^ tons, and 
seated 22 passengers inside and 26 outside. It was. equipped with two 
35 horse-power motors, geared direct to Ihc axles, and filled with three 
brakes, vie. (u) mechanical slipper brake on both rails, applied by worm 
gearing on a vertical spindle actuated by a hand wheel, {h) wheel brakrs 
actuated by hand in the usual manner, and (c) rheostatic electric brake. 
The gauge of the tramways is 3ft. 6ins. 

Pye Nest Road is on a gradient averaging about 1 in 15. The car 
left the rails about 690 yds. from where it commenced to run back. It 
tvas on a curve to the left of 160ft. radius, and with a super-elevalion of 
the outer rail of Jin. On leaving the rails the car ran across the road 
and footpath and came in contact with a projecting angle of a wall, 
which sheared the car top right off the underframe, and the latter was 
then overturned into the roadway. The car top was about 30 yds. and 
the underframe 50 yds. beyond the point of derailment. 

The regulations for the conduct of the traffic in Pye Nest Road are 
as follows : Speed 4 miles an hour on the downward journey and 6 miles 
an hour on the upward journey. 

All cars must come to an absolute stop before entering Pye Nest Park, 
and motormen must here be sure that brakes, sand device, etc., are in 
good working order. When the rails are in bad condition any morning 
\ox first car down the motorman should have the rails sanded on curve 
"both on the up and down lines before entering the Park. He should also 
bring his car to a stand before rounding other curves on this section, and 
sand both lines as above. 

Other regulations for the Halifax Corporation Tramways lay down : — 

No. 75. In the event of a car starting to run backwards the first duty of 
the conductor is to drop sand at his end and keep the sand running until 
the car is stopped ; at the same lime apply slipper brake as quickly and 
as hard as possible. Do not touch the hand brake unless the motorman 
gives the signal (four bells) to do so. 

No. 103. Where possible conductors should endeavour to collect their 
fares in such a manner that they will be free to remain on rear platform 
when on sleep grades whether ascending or descending. 

The Board of Trade Regulations for the Halifax Corporation Iram- 
•cars as regards brakes are : — 

The wheels shall be fitted with brake blocks which can be applied by 
a screw, or other means, and there shall be in addition an adequate 
electric brake and a slipper brake or other track brake approved by the 
Board of Trade for use on the tran>ways. 

They shall also be fitted with a scotch or other device for preventing 
them from running backwards. 

The circumstances attending this unfortunate accident were as 
follows : — 

Driver T. H. Simpson left the depdt with car No. 64 at 4.45 a.m. on 
15th October, after satisfying himself that it was in proper working 
•order, for which a quarter of an hour is allowed. He took the car down 
the steep gradient in Pye Nest Road quite safely and went out to ihe 
terminus of the route at Triangle. On the return journey the last stop- 
ping place before the accident was in Bolton Brow at the bottom of Pye 
Nest Road, and the car left this with a full load of passengers. The 
actual number is not known, but several were standing up inside the 
car in addition to the 22 for whom there is seating accommodation, and 
there were about 20 outside. It was a damp morning, so passengers 
naturally tried to get under cover. The car went up the road as usual, 
and round the first curve and also partly round the curve opposite 



Edward's Road, when the current went off, owing to the circuit breaker 
for this section of the lines coming out at the central generating station. 
Just previous to this the driver states he had to use sand as the wheels 
began to slip. 

He states that the action he took when the current failed was as 
follows : — 

*'I at once pushed ihe controller round to the *off* position and put on 
the wheel brake. This did not hold the car, so I took a second pull at 
the brake and then the wheels skidded. I then released the wheel brake 
and applied the electric brake and the slipper brake. I used the con- 
troller as though the car had not got a run back device on ; I put the 
controller handle back to the fifth brake noich and put the reversing 
handle in the reverse position." 

•• The current came on again for a brief interval after the car had 
commenced to run back, and I swung the handles round to put on current, 
but before I could get current the trolley arm left the overhead wire and 
was smashed. I then tried the electric brake again, but it had no effect. 
The wheels of the car were revolving the whole time. I did not try the 
wheel brake again, as I thought it would cause the wheels to skid.'* 

*' I did not signal the conductor to put the slipper brake on at his 
end. I cannot say where he was when the car began to go back. 
Nothing checked the car and it gained speed the whole time, and on 
reaching Bolton Brow it went over." 

On car No. 64 Ihe controllers are of the Weslinghouse No. 90 tvpe. 
At one end the controller has the special run-back chain attached, and is 
known as the **B" style of controller ; at the other end the controller was 
unaltered. To apply the electric brake in case of a run back when the 
current has left the overhead wire on the "B" style of controller, all that 
has to be done is to swing the power handle round to the last brake 
notch, and leave the reversing lever in the forward position. In the un- 
altered controller the reversing lever has to be pulled backwards to the 
reverse position, in addition to placing the power handle to the last 
brake notch. To distinguish the " B " style of controller two letters R 
are painted'in white characters about one inch in length on the iron raU 
of the car in front of the controllers so fitted. The reason why the 
device has not yet been fitted to the controllers at both ends of No. 64 car 
is because this car is selected with others to run on the Pye Nest route 
only, as it has powerful motors, and as there is a very steep rising gradient 
only on the inward journey, and the cars are always run in one direction, 
there is no need for the device except on the leading end coming- up the 
gradient. ^ 

It takes time to get the cars fitted, as this can onlv be done when 
they are brought into the dep6t for thorough overhaul'ing, so the cars 
which run on routes with steep gradients in both directions have been 
first provided with the device at both ends. This device has been adopted 
after trials of others of a somewhat similar nature, but which were not 
entirely satisfactory. 

Motorman Simpson is an experienced driver. He was regarded as a 
first-class man, and worked on the routes with the steepest gradients. 
He has been a motorman for eight years, and has constantlv driven cars 
with different types of controllers over the Pye Nest route 'since it was 
opened for traffic five years ago. He has never had any accident pre- 
viously. From the returns it appears that he has made 2,280 journeys 
over this route in the five years, of which 340 were made with the con- 
ductor W. Robinson, who was with him on this occasion. But he admits 
he failed to notice on this occasion the style of controller the car was 
fitted with at either end, and that he did not use the special device for 
preventing cars running away backwards, which was fkted to the con- 
troller at the leading end of the car, when ascending the gradients but 
turned his controller handle and reversing lever to the positions 'they 
should have occupied if the controller had been of the unaltered type. If 
he took this action it follows that there was no electrical brakine- effect 
on the car whatever. 



no electrical braking effect 



The conductor was collecting fares either inside or outside the car 
(the reports vary), so he could not apply sand at once and help to put on 
the slipper brake from his end of the car, and the car had acquired con- 
siderable speed before he did so. 

As electric brakes can be rendered inoperative by the locking of the 
car wheels, or by a break in the electric connections, or by the breaking 
of an axle, even jf the motorman on a sudden emergencv does place the 
controller handle and reversing lever in the right position (and some 
accidents have occurred from a mistake being made in this respect) more 
reliance on steep gradients can be placed on a slipper brake, which can 
u ^PP''^^ ^"^ &^^ '^'^ ^^ect independently of the revolution of the car 
wheels ; but it is most desirable that the method of application shall allow 
of the brake going on instantaneously on an emergencv arising as once 
a car is out of control it is almost impossible to stop it on a steep 
gradient, but if the brake can be applied instantaneously the car oueht 
never to get out of control. While cars are on very steep gradients the 
conductor should be on the rear platform ready at any moment to assist 
the motorman by applying the slipper brake, and dropping sand as well 
m case of a car running back. Also, if it is impossible to have only one 
form of motor equipment, motormen should be employed as far as possible 
on cars with the same tv-pe of controller, as mistakes can so easily be 
made regarding the position of the controller handle and of the re- 
versing lever, and that motormen should be examined on their cars at 
uncertain intervals as to the action to be taken on any sudden emer- 
gency arising, especially on steep gradients. Also that' the curves on 
steep gradients should be thoroughly cleaned and sanded bv men specially 
appointed for the purpose before the first car goes over the track in the 
morning, and that the arc lamps in Pye Nest Road should always be 
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lighted during the dark hours of the day that cars are run over this 
route. 



Near Sunnyside Station (Coatbridge), N.B.R On 30th Stpttmber. 
Major /. W. PringU reports thai :— 

The 7.50 p.m. special down train, Edinburgh to Olasg6w. overtook 
and ran into a light 6-coupled engine and tender. Both engines were 
derailed, and considerably damaged, but no other wheels were derailed. 
The train was crowded with passengers, of whom 44 were injured, and 
one of them has since died. 

The light engine and tender were fitted with the Westinghouse auto- 
matic brake and weighed 52 tons 14 cwt. It was running tender first. 

The passenger train consisted of a 4-coupled passenger engine (No. 
215), 6-wheeled tender (weighing together 78 tons), and 11 coaching 
vehicles, with the Westinghouse brake working blocks on the coupled 
engine wheels, the six tender wheels, and 44 out of 60 wheels (double 
blocked). The total weight of the passenger train unloaded was 213 tons 
2 cwt., and it measured outside buffers 445ft. There was some haziness 
and drizzle, but no difficulty in seeing signals. 

Between Greenside and Sunnyside Junctions there are the usual double 
lines for up and down traffic. At Greenside the main road from Edin- 
burgh on the east (via Bathgate and Airdrie) forms a double junction with 
the Slamannan Branch, which comes in from the north-east. Three 
double lines unite at Sunnyside — one from Gartsherrie on the north, 
another from Glasgow on the west, and the third from Bothwell and 
Hamilton lying to the south. 

Greenside Junction signal-box is situated on the north side of the 
railway lines, about 65 yards east of the junction facing points. From 
Airdrie South to Sunnyside Junction (about 2,700 yds.), except for 170 
yds. east and west of Greenside Junction, where the inclination varies 
from I in 160 to i in 380, the average gradient falls at about i in 76, 

The passenger train approached (ireenside Junction from the direction 
of Airdrie South on an easy left-hand curve. From the Junction facing 
points to the site of collision the road is straight. Thence forward 
through Sunnyside Station the lines curve sharply to the right with a 
radius of 15 chains. 

There is a speed restriction of 10 miles an hour through Sunnyside 
Station and Junction. 

On September 30th, the last day of the Glasgow Autumn Holidays, 
the traffic was exceptionally heavy between Edinburgh and Glasgow. 
Signalman .\dams (Greenside Junction signal-bo.x) at 9. 11 p.m. was 
offered the 7.50 p.m. down express (excursion) train from Edinburgh, from 
Airdrie South, and he accepted it with the full block signal *' Line clear." 
Having signalled "Line clear" for this express, he lowered the signal 
authorising the light engine to leave the Engine Shed Road, and move 
over the crossover from the up on to the down main line, as far as the 
down starting signal. At 9.12 p.m. the engine was accepted by Sunny- 
side Junction, and Adams allowed it to proceed by lowering his down 
starting signal. Immediately afterwards (9.13 p.m.) he received the 
** entering section" signal for the express. At this moment the down 
distant and down home signals were at danger, and the down starting 
signal at *' clear." He expected the express to come to a stand at the 
home signal and turned round to watch for its approach. The express, 
however, ran past the home signal, and over the junction at high speed. 
The down starting signal was thrown to danger, but the express ran 
past this signal also, and collided violently with the light engine as it 
was moving forward slowly at a spot about 164 yds. in advance of the 
starting signal. 

Pender, who drove the light engine, gives his speed at 7 or 8 miles an 
hour when the collision occurred. H it be assumed that the whole distance 
of 164 yds. was traversed at an average speed of 5 or 6 miles an hour only 
about one minute could have elapsed between the moment when Adams 
lowered the starting signal for the light engine and the actual collision. 
From Airdrie South to the site of the collision is about \\ miles, and it 
therefore appears to be doubtful whether Adams* time for the receipt of 
the *' entering section" signal for the express is to be relied upon. It 
appears to be more probable that the signal was received before the start- 
ing signal was lowered for the light engine, and possibly before the light 
engine was actually accepted by Sunnyside. 

However this may be, Adams admits that he broke the Block Regula- 
tions when he allowed the down line to be occupied by the light engine 
after he had accepted the down express at 9. 11 p.m. He offers the ex- 
planation that it was a very busy day on the line, and that the fireman 
(McKillop) of the light engine was urging him to get the light engine 
away as soon as possible. It was anxiety to cause no delay which made 
him act contrary to the Regulations. The good intention of working the 
traffic without delay is no excuse for a breach of the Block Regulations, 
upon which the safety of traffic working primarily depends. .\s a matter 
of fact, as the light engine was not booked to leave Hyndland with the 
special train until 11.15 p.m., and the whole distance from (ireenside 
Junction to Hyndland does not exceed 12 or 13 miles, there was no justifi- 
cation for the representations of urgency which were made to Adams by 
the engineman. Adams came on duty for 8 hours and had been at work 
for about 7^ hours. He was not employed on the 29th September (Sun- 
day). He bears a good character. 

Driver Ekevall, with fireman Fawcett, were the enginemen with the 
7.50 p.m. down express excursion train, and goods guard Walker was 
in charge of the train. Ekevall describes the Westinghouse brake as 



having been in ^-orking order when they left Portobello. He used the 
continuous brake to stop the train at several places between Edinburgh 
and Saughton West, and again at Westcraigs Station, and found it had 
its usual stopping effect. In each case the stoppage Avas due to signal*, 
being found at danger. The engine was also watered at We»tcraig«, 
which is about 24 miles from Edinburgh and 11 from Greenside Junction- 
After leaving Westcraigs no other stop was made. .\t Airdrie South and 
Coatdvke Stations all the signals were "clear." The distant signal for 
Greenside Junction is situated about 200 yds. west of Coatdyke Station, 
and Eke\'all affirms that the signal was also at "clear" when he passed 
it. He applied his continuous brake, however, by making a reduction of 
lo lbs. in the air pre^«-ure, in order to reduce speed through Green *lde 
Junction and Sunnyside Station, in accordance with the instruciicmi. 
On finding that this had no effect in reducing the speed, he made a 
full application of the continuous brake, and also used sand. This had 
some effect on the speed, but not sufficient to enable him to stop the train 
at the home signal for tjreenside Junction, which he saw was at danger. 
He could not, therefore, avoid running by lhi« signal at a speed of 20 or 

30 miles an hour. 

Locomotive foreman Liddle reports that when the engine of the ex- 
press was dismantled at Cowlalrs after the collii^ion the sand boxes were 
found to be practically full, and had to be emptied before being taken off 
the framing. It would appear from this that little sand could have been 
used on the journey. 

The day after the collision the Company*s Westinghouse brake in- 
spector reports upon the condition of the continuous brake "fitments" 
upon the 11 vehicles which, together with engine No. 215. formed the 
colliding train, and found that a reduction of 10 lbs. from the train pipe- 
set the brake blocks for in minuter upon g of the vehicles. L'jwn the 
tenth (183) the blocks were set, but eased off very quickly owing to an 
escape of air from one of the piston heads. The blocks were not set at 
all upon the eleventh vehicle U)\^\, alM» owing to leakage. With a reduc- 
tion of 15 to 20 lbs. all blocks wen set and remained set for some lime. 
With a train pipe air pressure of bo lbs., and full application made, oil 
brake blocks were set, and remained set for 15 minutes* 

Having regard to this report, and to the proved fact that the con- 
tinuous brake acted upon the express with its usual effect at Westcraig^ 
Station about 15 minutes before the txillision occurred, and also earlier 
upon the journey, the statement made by driver Ekevall that the brake 
failed to act effectively between Coatdyke Station and (ireenside Junction 
must be regarded as entirely unsupported. At the most there is a possi- 
bility that the braking effort upon two out of the eleven vehicles upon the 
train was ineffective owing to leakage, and only so when a small re- 
duction of pressure was tnade. The evidence of fireman Fawcett, the fact 
that no brake whistle was sounded, etc., negatives the likelihood of the 
correctness of EkevalPs story that he was using every effort lu slop his 
train. 

To demonstrate the effect of the continuous brake under similar con- 
ditions of gradient and weight of train to those applicable to the express 
on the day of the collision, the Company carried out (on i|th Oct.) certain 
experiments with a train composed of engine No. 213 (of the same clas» 
as No. 215) and 12 coaches. Eight of these were six-wheeled, and the 
remainder 'four-wheeled vehicles. Four only of the actual vehicles which 
formed the express at the time of the collision were available for this trial, 
viz., Nos. 1524, qo8, 234 and 1404, and leakages hud been repaired. The 
train ran on the down road between Airdrie South and (ireen«ide Junction, 
and on each occasion the continuous brake was applied at the distant 
signal for Greenside Junction. The results of the tests made were as 
follows : — 

1. With 48 wheels braked out of 64, and the brake applied at the 
speed of 60 miles an hour, the train was brought lo a stand in 
5«^5 .vds. 

2. With ^6 wheels braked out of 64, at a speed of 63-4 miles an 
hour, the tram was brought to a stand in 903 yds. 

3. With 40 wheels braked out of b.i, at a speed of 562 miles an 
hour, the train was brought to a stand in 878 yds. 

Between the down distant signal and Greenside Junction signal-bos 
the interval is 958 yds. ; from the signal-box to the site of the collision 
the distance is 412 yds. 

After the collision the two engines locked together ran a distance of 
2^6 yds. before coming to a stand. For the greater part of this distance 
eight pairs of engine and tender wheels were off the rails, and buinping 
over the chairs and ballast. The passenger coaches were separated and 
the brake pipe parted at five places. 

The down distant signal for Greenside Junction was at danger when 
the excursion train passed ft, and if Ekevall had duly ob«erv*ed the warn- 
ing position of this sigiial, and had acted upon it, there was ample 
brake power upon the train for him to have avoided the collision. Having 
regard to the restriction limiting the speed to ten miles an hour through 
Sunnyside Station, he was driving rashly and without due consideration 
to safety, even had he received a "clear" signal on passing the distant 
and home signal posts. Responsibility for this collision therefore rests 
upon driver Ekevall and signalman .Adams. Driver Ekevall's offence 
must be regarded us the more serious. Ekevall had been at work about 

3 1 hours. He had been absent from duty for a fortnight prior to the 
30th Sept. on account of a bruised hip, the result of a fall in the engine 
shed at St. Margarets, and had the authority of his medif^l attendant to 
return to duty. There are only 6 entries against his name In the dis- 
cipline book during the last 14 years. 
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Sir Chas. Scotter, chairman, L. and South Western 
R., and Sir Alex. Henderson, Bart., chairman, Groat 
Central R., have been elected chairman and deputy-chairman 
respectively of the Railway Companies' Association for 
1908-9. 

Mr. Chas. Mortimer, director, Great Western R., has 
been elected chairman of the Railway Clearing House Cor- 
poration, and Mr. Frank Mansfield has been appointed 
secretary of the Railway Clearing House in succession to the 
late Mr. Harry Smart. 

Viscount Churchill, director, has been appointed 
chairman of the Great Western R. in succession to the 
late Mr. Baldwin. 

Mn Frederick Green, chairman of the Orient Stoam 
Navigation Co., has been elected a director of the Great 
Eastern R. 

Mr. Richard W. Booth has been elected a director of 
the Dublin and South Eastern R. 

Mr. S. Cooper Chadwick, locomotive running superin- 
tendent of the Great Southern and Western R. of Ireland, 
has been appointed superintendent of the line in succession 
to the late Mr. J. H. Bell. Mr. Chadwick was formerly dis- 



trict locomotive superintendent at Mirficld and at Bolton 
on the Lanes, and Vorks. R. 

Mr. F. G. Randall has been appointed district super- 
intendent of the Great Eastern R. at London in succession 
to his brother, Mr. C RanJall who has retired, and Mr. 
W. H. Hall has been appointed district goods manager 
at Norwich in succession to the late Mr. J. W. Smith. 

Mr. F. Audinwood, of the hotel department. Midland 
R., has been appointed manager of the hotel and refreshment 
department of the Northern Counties Section of the Midland 
R. in succession to Mr. F. Cox. 

It is with great regret that we record the death, on the 
25th ultimo, at Hastings, of Mr. Edward Hill. In rail- 
way circles hie will be greatly missed, as no one was better 
known or more popular. He was most ingenious, and was 
the inventor of a great number of fittings for carriages and 
wagons, but couplings and either-side brakes had chiefly 
absorbed his attention of late years. He was a brother ol 
Mr. Vincent Hill, general manager of the South Eastern 
and Chatham R., and was formerly in the service of the 
old L. Chatham and Dover R. 

Conciliation Boards, Great Eastern Railway. 
The first of the Sectional Conciliation Boards, so far as the 
men's sides are concerned, have been duly elected, and the 
results of the polling will not, we should think, give unquali- 
fied satisfaction to the directors and officials of the Great 
Eastern R. It may be remembered that Lord Claud Hamil- 
ton estimated that very few — 5 per cent, if our memory serve 
us truly — of his company's servants were members of the 
Amalgamated Society of Railway Servants; but while that 
estimate may have been correct it is evident from the official 
figures of the voting issued by the Hoard of Trade that a 
large proportion, not to say a majority, prefer to entrust 
their interests to the men nominated and officially supported 
by the A.S.R.S. rather than to the other candidates. This 
is true in all sections except the locomotive, and it is parti- 
cularly marked in the London district. In other words, the 
election shows that the non-L'nion men want the Union men 
to pull the chestnuts out of the fire for them. 

By comparing the list of elected men with the list- 
apparently incomplete — of men officially recommended in the 
organ of the society we find that 23 were "run" for the 32 
seats, and of these 15 have been elected and 8 defeated, as 
shown in the following table : — 

Dcpirtmcnt London Camliiid^e I.swirh Noruich 

Superintendent ... E E E E ¥. E E I) 

Goods E E E- - D D 

Loco U D — E ED 

Way and Works E E D— — - - E D 
E = Elected. D - Defeated. 
Generally speaking the voting was not close, but the 
successful candidates were elected by large and in .some 
cases (notably London) by o\erwhclming majorities. 

The success of the A.S.R.S. men in the Superintendent's 
Department we should think is largely the result of the dis- 
missal of Guard Ambrose, though at Cambridge the no.mina- 
tion of so many non-union candidates for the two .veats may 
have assured their defeat, but the voting was close, much 
closer than in any of the other sections. There were 10 
candidates who polled respertively 41H, 414, 409, 238, 215, 
106, 98, 68, ^K), and 46 votes respectively. 
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In all the sections the number of spoiled voting papers 
was much larger than might have been expected from such 
intelligent men as are generally found in the railway service. 

•H- 
The BriCal Adding Machine. 

We have had an opportunity of examining and testing the 
BriCal Adding Machines, which are very ingenious and quite 
simple to work. They are 6ins. diam. and packed in a ca; c 
7ins. square, and are made to add money, weights, or mea- 
sures. Our illustration shows one for addidng tons, cwt., 
qrs. and lbs. To work the machine a pointer is inserted in 
the hole opposite the required number and the disc pulled 




round to the right to the end of the slot — that number (of e.g. 
lbs.) will then appear at the lbs. * 'window" added to the num- 
ber that was there before. Whether a ** long tot" or 
bundle of invoices could be cast up as quickly with this 
machine as by a practised clerk is very doubtful, but the 
machine should be a boon to large numbers who do not 
take kindly to figures. 

The Mcthil Dock, North British Railway. 
The main contract for the construction of the new North 
British R. dock at Methll has been entrusted to Messrs. 
McAlpine and Sons, Glasgow, who have executed very satis- 
factorily many important works in Scotland. The contract is 
a large one, and will involve a sum of over ;^'350,ooo. 
The North British R. enterprise in Fife, which is thus 
inaugurated, will run to about ;£!^6oo,ooo. Roughly speak- 
ing, the dock is to provide a basin of 15^ acres, double the 
size of the present area, with three quays, enabling the com- 
pany to berth double the number of steamers of even larger 
tonnage than they can at present. 

. The dock is to be constructed to the East of the present 
one, and it is highly creditable on the part of the engineers 
that they are able to do this without encroaching on the 
present siding accommodation at Inncrleven. The dock will 
b:^ between high and low water mark. 

The most difficult, if not the largest part of the work, so 
far as concerns Messrs. McAlpine, will be the construction of 
the new sea wall, which, as it faces the south-east, will be 
exposed to the most destructive storms that strike the coast 
of Fife. This wall is to be carried from Innerleven beach, 
opposite the church, in a great sweep to about 300ft. from 
the end of the present East Pier. Inside this area will be 
formed the new basin, with a depth at high water of 34ft. 
An entrance channel will be cut through the present sea wall 
to the new basin. Another noteworthy feature of this dock 



will be the width of the new gates. There ar^e indications 
that the work of doubling the railway from Thorton to Leven 
will be commenced soon. 

Mavitta's Vernier Drawing Scales. 
The scales illustrated by the annexed figure have been 
designed with the object of facilitating accurate mechanical 
drawing, and after trying them we arc able to say that they 
are particularly pleasant scales to work with. 

Thoy are constructed of boxwood and have their edges 
grooved to take a sliding cursor, which has a device which 
clamps it in any required position. The clamp Is released 
automatically immediately it is handled with the object of 
moving it to a new position. 

The main divisions are marked on the top face of the 
boxwood scale as on an open divided scale, and the sub- 
divisions of each main division are carried on the two inside 
ivory bevels of the slidng cursor, where they are protected 
from wear, thus enablng a sub-division to be taken at any 




point of the scale. The cursor has an index projecting from 
the front edge and over the plan, thus enabling the measure- 
ments read on the top face to be marked direct on to the 
plan by simply drawing the pencil point against one edge of 
index. Any two divisions may be marked on the scale, and 
they may be so arranged as to be used either independently 
or comparatively. For instance, if the top scale is marked 
1/50 size metre the under scale may be 1/50 size foot, thus 
enabling a comparison to be made between the two at any 
point. 

The scales, which arc not expensive, are made by 
Marvitta, Birmingham. 

Oldest Railway in Scotland. 

The Kilmarnock and Troon R. is said to be the oldest in 
Scotland, having b<»en incorporated by Act 48 of George III., 
1808. It was constructed for the purpose of affording a cheap 
n.ethod of conveying coal from the Duke of Portland's Col- 
lieries to Troon. At first the cx)al wagons were drawn by 
horses. Passengers were also conveyed by the same method, 
and a trip in one of these wagons from **Auld Killie " to 
Troon and back was looked upon as a novelty by the inhabi- 
tants of Kilmarnock in much the same way as a trip on an 
electrical or funicular railway is now loked upon by visitors 
to certain seaside resorts. The railway was afterwards 
strengthened to carry steam locomotives. In 1846 it was 
leased to the Glasgow and South Western R., after which 
it was reconstructed, and is still worked and maintained by 
that Company. It was the sixth railway to obtain Parlia- 
mentary sanction. 

Scottish National Exhibition. 

In connection with the above named Exhibition, which is to 
be opened in Edinburgh on the ist May next, the North 
British R. Co. will have a temporary station adjoin- 
ing the Exhibition grounds, and which will be situated on 
the Corstorphine branch at its junction with the Glasgow 
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and the North main lines. A platform will be erected on the 
up-main line with an overhead bridge connecting with the 
station. Traffic from the west and north will be dealt with 
at the temporary platform, and from the east all traffic will 
arrive at the temporary station on the branch line. 



The Strain of Long Hours. 

Lord Allerton, at the half-yearly meeting of the Great 

Northern R., drew attention to the fact that the engine 

running wages bill showed an increase of ;^i 2,897, although 

the net increase in train mileage was under i per cent. This 

he said was due to several causes, but principally to 

1 would not like to call it the Board of Trade interference, 
but, at any rate, to an eflfort being made to i^oid long hours. 
I would just like to say on that point that 1 do not agree with the 
view which is sometimes expressed in the newspapers, that these 
long hours constitute a great strain. The fact is they are very 
often due — and in the majority of instances are due — to a train 
being blocked and being unable to move. There is no great 
strain sitting on an engine if it is not working, and I think there 
is a little too mjjch made on that side ; and there is no doubt that 
having to send men from one district to another to relieve men 
who have been on an engine ten hours — or, rather, has been 
blocked for ten hours, which is not quite the same thing as being 
on the engine te nhours— results, in many cases, in our having to 
pay the men's lodgings, or pay for them getting back again, all 
of which is counted in as time ; and 1 understand the estimate 
is that this has cost us from jCy.ooo to ;{^ 10,000 a year. There 
is a very curious feature about it — namely, that although it is 
adding to our cost, it is not adding to the earnings of the line. 

Delays, mainly caused by collieries, do, of course, occur 

through blocks of traffic, but there is nevertheless a great 

deal of loitering which it is difficult to stop, but is known 

to exist by every locomotive superintendent. Seeing how 

costly these delays are it might be worth while to try the 

effect of giving bonuses to drivers who get their trains 

through. Bonus systems have proved very satisfactory in 

some of the traffic departments and might work quite as well 

in the running. 

New Goods Depot, Glasgovsf; Caledonian Railway. 
On the Caledonian R. there are several large works on hand 
now, one of the most important being the erection of a new 
Goods Dep6t on the site of the old poor-house in Parliamen- 
tary Road, Glasgow, and which has made remarkable pro- 
gress of late, and a busy scene, extending over many acres, 
is witnessed by passengers to and from Buchanan Street 
Station. An interesting part of the operations is the removal 
of the huge blocks of stone that have been found while exca- 
vating to the north of the demolished poor house buildings. 
Two new bridges are also being erected at Dobbie's Loan in 
connection with this work, and it is not unlikely that before 
the whole scheme is completed a reconstructed station will 
take the place of the ancient structure that has done duty so 
long as the Northern Terminus of the Caledonian R. in 
Buchanan Street. 

Shrinkage of Wood. 

Interesting experiments on the shrinkage of wood due to 
the loss of moisture have recently (says the American 
Engineer and Railroad Journal) been completed by the 
Forest Service at its timber testing station at Yale Univer- 
sity. These experiments show that green wood does not 
shrink at all in drying until the amount of moisture in it has 
been reduced to about one-third of the dry weight o( the 
wood. From this point on to the absolutely dry condition, 
the shrinkage in the area of cross-section of the wood is 
directly proportional to the amount of moisture removed. 



The shrinkage of wood in a direction parallel to the grain 
is very small ; so small in comparison with the shrinkage at 
right angles to the grain, that in computing the total shrink- 
age in volume the longitudinal shrinkage may be neglected 
entirely. The volumetric shrinkage varies with different 
woods, being about 26 per cent, of the dry volume for the 
species of eucalyptus known as blue gum, and only about 7 
per cent, for red cedar. For hickory, the shrinkage is about 
20 per cent, of the dry volume, and for longleaf pine about 
15 per cent. In the usual air dry condition from 12 to 15 
per cent, of moisture still remains in the wood, so that the 
shrinkage from the green condition to the air dry condition 
is only a trifle over half of that from the green to the abso- 
lutely dry state. 



Books, Papers and Pamphlets. 

Locking. Being an elementary treatise on the mechanism in inter- 
locking lever machines, by which the movements of the levers are 
restricted to certain pre-determined ways, rendering it impossible 
to operate conflicting switches and signals on railways. By 
Frrdbrick C. Lavarack. Published by the Author at 114. Park 
Street, East Orange, N.J., U.S.A. (81 pp., 40 illustrations, with 
16 on folding plates. 8|ins. by 5|ins.). 

This work is submitted by the author for the use of 
students and those in the shop or on the line that are in- 
terested in signalling. It only deals with interlocking and 
makes no attempt to undertake a consideration of any other 
branch in the art of signalling. Further, only American 
practice is referred to. On this account there may not be 
the field here for its use that there is in America, where sig- 
nalling is only just emerging out of the clothes of infancy. 
The training of American railroads is again so varied, and 
they are not confined to one department but exchange from 
traffic to engineering and vice versa that it behoves all young 
men to get conversant with every branch. Consequently such 
a book as this should have a good sale. It is well printed, 
the arrangement of the position and the shape of the folding 
plates is very good, and there is an admirable index. The 
book will probably go into a second edition, and then there 
are certain typographical points Mr. Lavarack should attend 
to : The titles of the chapters should be repeated on every 
other page, the size of the letters of the titles on the illustra- 
tions should be uniform — figs, i, 2 and 3 are all different, 
figs. 2 and 3 might go on one page, figs. 32 and 37 are the 
same, and one illustration would suffice, and it would aid a 
reference to the book were the fig. Nos. of the folding plates 
repeated outside. These are, however, details which do not 
affect the good matter in the book and which should have a 
large sale in America. 

Transactions, 1906-7 : Swindon Engineering Society. Edited by David 
G, Si-ATTBR, Hon. Sec. Published by the Society, G.W.R. Locomo- 
tive and Carriage Dept., Swindon. 1907. [279 pp., 8^ by 5I and 
several folding plates; price 10s. 6d.]. 

This volume contains the following papers and the dis- 
cussions which followed the reading of them : — The Work of 
a Running Department^ by Hy. Simpson; The Construction 
of Modem Railway Wagons, by J. M. Llewellyn ; Stephenson 
V, Walschaert Valve Gear, by W. H. Pearce; Composite 
Principals and Roofing, by J. H. Baker; The Micro- Analysis 
of Metals, with Examples of its Va ue, by T. C. Davison, 
F.C.S.jWh.Ex. ; Locomotive Cranks and Axles, by R. L. 
Burgc; The Equipment of a Running Shed, by W. A. 
Stanicr, A.M.I.Mech.E. ; Beams, Shafts, Struts and Ties in 
the Locomotive, by C. C. Champeney ; The Construction of 
Steam Rail Motors, by A. H. Nash ; and The Construction 
and Maintenance of Motor Omnibtises, by C S. Wilson, 
Stud. Inst.C.E. 

It will be seen from the above that the field covered by 
these papers is wide and varied. Naturally the practice 
dealt with is chiefly Great Western, but that does not detract 
from the value of the papers, which are interesting, fully 
illustrated, and contain much information not readily obtain- 
able elsewhere. 
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Bulletins of the Engineering Experiment Station of the 
University of Illinois, Urbana, III. 

No. 16 briefly presents the results of several years* study 
of Trussed Roofs by N. Clifford Ricker, Professor of Archi- 
tecture. About 50 trusses of a selected type and of different 
proportions and arrangement were designed in long leaf pine 
and steel and changed until the assumed and actual weights 
of the trusses agreed. Other trusses were likewise designed 
in white pine and steel and a few entirely constructed of 
steel. To perform this work as conveniently and as rapidly 
and accurately as possible, it became necessary to devise 
simplified formulas and tables, with a systematic method of 
treatment, all of which are fully explained in the pamphlet. 
The results illustrated are mostly shown in graphic tables for 
ready appreciation. The most important features are a new 
formula for the weights of trusses ; per cent, of weight to be 
added for connections ; most economical ratio of depth to 
span of truss; distance between trusses; number of purlins 
per panel ; and dimensions of panels. It was found that white 
pine and steel trusses are about 10 per cent, lighter than those 
of long leaf pine and steel; also, that if carefully designed, 
steel trusses from 100 to 200ft. span have about the same 
weight as those of white pine and steel. This bulletin will be 
valuable to all |>ersons interested in the design and construc- 
tion of trussed roofs, and copies of it may be obtained gratis 
upon application to the Director, Engineering Experiment 
Station, yrbana, Illinois. 

No. 17, on The Weathering of Coaly by S. W. Parr and 
N. D. Hamilton, relates to the losses in fuel values which 
accompany storage under various conditions. The informa- 
tion heretofore available concerning the behaviour of coal in 
storage is exceedingly meagre. The results of tests, as out- 
lined in this bulletin, add materially to our information and 
open a way for a better understanding of matters pertaining 
to weathering, spontaneous combustion, and other difficulties 
which attend the storage of coal in large masses. Deteriora- 
tion has been studied with samples maintained in the open 
air, under cover at vaiying temperatures, in air tight con- 
tainers, and in the submerged conditions. 

No. 19, on the Comparative Tests of Carbon, Metallized 
Carbon and Tantalum Filament Lamps, by T. H. Amrine, 
gives a comparative study of the electrical characteristics, 
life, candle power maintenance, horizontal and vertical distri- 
bution and cost of operation of the three most widely used 
electric lamps under both good and poor conditions of opera- 
tion. It is based upon a series of tdsts in which particular 
attention was paid to obtain exactly similar conditions for the 
three types of lamps in order to give a fair basis of com- 
parison between types. Comparative rather than absolute 
results have been striven for, though, in almost all cases, 
dependable quantative values have been obtained. In an 
attempt to explain the reason for high efficiency of the newer 
lamps a study is made of curves plotted between ** Filament 
Temperatures *' and ** Candle-power per square inch of Fila- 
ment Area *' and between ** Watts per Candle-power *' and 
** Filament Temperature.*' A consideration of these curves 
leads to the conclusion that the increase in efficiency of the 
metallized over that of the carbon filament is due almost 
equally to higher filament temperature and to selective radia- 
tion, while for the tantalum filament it is due almost wholly 
to higher temperatures. 
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Locomotives of igoj. By Cius. S. I.ake. London : Perctval Marshall 
and Co., 26-29, PoppIn'i> Court, Flret Street, E.C. [44pp.; 6|ins. 
by Q^ins. ; price u. net.| 

Boiler Construction, a practical explanation of the best modern methods 
of boiler construction, from the laving out of the sheets to the com- 
pleted boiler. By Frank B. kLKiNtiAUS. London : .\rchibaid 
Constable and Co., l,td., 10, Orange Street, W.C. 1908. [421pp. 
and ft folded plates; 8in*. by 5|in<i. ; price 121. td. ] 

Railway Shop up to Date, a reference book of .Vmerican Railway Shop 
Practice. Compiled by the editorial staff of the Haihttay Master 
Mechanic: Maiiam H.' Haig, managing editor; B. W. Benhdict. 
editor. .Advisory Committee, C. .\. Schrover, superintendent car 
department, Chicago and North Western R., M. K. Barnl'm, 
mechanical expert. Chicago, Burlington and Qulncy R., R. I). 
SMtTii, mechanical expert. New York Central Lines. London: 
.Archibald Constable and Co., Ltd., 10, Orange Street, W.C. 1Q08. 
[243pp.: I2| by 9i ; price 12s. 6d. net.] 

Fowler's Electrical Engineer's Pocket Book, IQ08. Edited by Wm. H. 
Fowi-BR, Wh.Sc. M.Inst.C.E., rtc. Scientific Publishing Co., Man- 
che»ii#»r. Ift79f>p. ; 6 by 3} ; price 1*. bd. net.) 

The Modern Machine Shop, its Tools, Practice and Design^ a practical 
work dealing with machine shops connected with the leading 
mechanical manufactures and productive trades. By Rankin Kbkned^. 
Illustrated. Vol. IV'. (final). I-ondon : The Caxton Publishing 
Co., Clun House, Surrey Street, Strand, W.C. 1908. [232PP, ; q| 
by hj ; price qs, net.) 

The Steam Locomotive of the Future. By Lawford IL Fry, Record 
No. 61, Locomotives built for the Central Railroad of BrazxL 
Record No. 64. The Baldwin Locomotive Works, Philadelphia. 
Pa., U.S.A. 

University of Illinois Bulletins, No. 16. A Study of Roof Trusses. By 
N. Clifford Richer. (28pp. ; 9ins. by 6ins.|. No. 17. The 
Weathering of Coal. By S. W. Parr and N. D. Hamilton. (37pp. ; 
9ins. by 6ins.] 

Qresley's Twin Carriages. 

Some railway companies arc converting four or six-whcelcd 
carriages into bogie carriages, e.g,, the Brighton and S.C. 
R., by splicing two bodies together, taking out one cx>mpart- 
ment, and mounting the body on new steel underframes and 
four-wheeled bogies. 

Another means of economising weight and space with 
carriages is shown by the annexed illustrations of an arrange- 
ment patented by Mr. H, N. Gresley, manager of the 
carriage and wagon department of the Great Northern R. at 
Doncaster. 

As will be seen, two 6-wheeIed carriage bodies are carried 
on three 4-wheeled bogies, all of the Great Northern R. 
standard pattern and identical in every respect, except that 
the side friction blocks of the middle bogie are elongated. 
The adjoining headstocks of the carriages arc stiffened by 
means of channels on the outside, and to which are fixed the 
centre castings and the brackets which serve as the top side 
friction blocks. 

Each of the carriages forming the twin is 37ft. bin. over 
the body, making the total length, with the space of ift. lin. 
between the bodies, 7bft. lin. and 79ft. s^in. over buffers, 
and together accommodate 16 first-class and 30 third-class 
passengers, the total weight of the twin carriage being ^y 
tons 9 cwts. 

The largest 6-whceled bogie composite E.C.J.S. car- 
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Grcslcy's Twin Carriage System. 



riag^cs weigh about 36 tons and accommodate 36 passengers, 
or one ton per passenger, as compared with i6'28 cwts. by 
the twin-carriage system. 



These twin carriages have been running during the past 
year on the Company's East Coast express service, and we 
understand are giving every satisfaction- 



0-8-4 Three-Cylinder Shunting Tank 

As promised in our last issue, we publish by the courtesy of 
Mr. John G. Robinson, M.Inst.C.E., chief mechanical 
engineer of the Great Central R., sectional drawings of the 
heavy shunting engines which he has designed especially for 
working the heavy goods and mineral trains in the new con- 
centration yard at Wath. We also give detail drawings of 
Mr. Robinson's steam and cataract reversing gear with 
which these engines are fitted and which enables them to he 
handled very quickly without throwing a great deal of 
manual labour on the driver. The steam and cataract 
cylinders arc bolted direct on to the main frame as shown by 
the detail drawing or on to brackets bolted to the main 
frame as shown on the general arrangement of the Wath 
engines. This gear is manipulated from the footplate in the 
ordinary way by the driver by means of a lever provided with 



Engines; Great Central Railway. 

a trigger and notched sector. The steam is taken from a 
stop-cock. A (provided with a lubricator) on the back plate 
and which is always fully open when the engine is at work. 
To charge the cataract cylinder the steam-cock A is closed, 
the cocks B B and the air valve D are opened, and the re- 
versing lever moved (in either direction) so as to allow the 
air to escape and the water-valve chamber to be filled 
with water. When the cylinder is charged the cocks B B 
and D are closed and the steam-cock A opened. The water 
supply is obtained from the tank through the cock C, which 
is always open when the engine is at work. When required 
the cylinder is drained through the cock E, the cock C then 
being, of course, closed. 

Both the steam valve and the water valve have a rotary 
movement and are connected by rods directly, as is also the 
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Robinson's Steam and Cataract Reversing Gear. 



reversing lever to an arm centred on the cross-head, so that 
when that lever is moved steam is admitted to one side of 
the piston and exhausted from the other. Simultaneously 
the water valve of the cataract cylinder is also opened and 
allows the water to pass from one side of the piston to the other 
and the links are raised or lowered by the bell crank levers 
as shown. When the reversing- lever has been moved and 
locked in the required notch the arm on the cross-head has a 
new fixed centre on which it swings as the cross-head is 
moved by the steam piston and as the cross-head moves it 
into its normal vertical position it pulls (or push^es) the arms 
on the stems of the steam and water valves and so closes 
them, and the valve gears are held in the required position. 
The principal parts of these engines, viz., the boiler, 



wheels, axles, axle-boxes and motions are duplicates of other 
classes of Great Central engines. 

The large size of the water tanks, as mentioned in our 
last issue, have been provided to give the required weight 
on the wheels. 

All the coupled and bogie wheels are provided with a 
steam brake operated by a valve which works in conjunction 
with the vacuum automatic brake, with which the engine is 
also fitted. 

The construction of these interesting engines is so clearly 
shown by the drawings, which are also fully dimensioned, 
that we do not think we can usefully add to the information 
we have already given respecting them. 
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Roofs.— VII.* 

In the case of the roof truss shown in figure 44 the line of 
loads is laid down, and this is simply halved to find the posi- 
tion of point J, since obviously it cannot be in any other 
place, as all the loads and each of the reactions are sym- 
metrically disposed. 

This done, and commencing at the left-hand support, it 
is seen that the load AB does not affect the roof stresses, so 
that it is only necessary to set off the stress lines BK and 
JK from the reaction BJ. Then with load BC and stress BK 
the stresses CL and KL are set down, and again with load 
CD and stress CL the stresses DM and LM are easily found. 

The next procedure is to draw the stress lines for the 
other or right-hand side of the roof and we find two points 
MN vertically one above the other. 

Now consider the arrangement at the ridge of the roof, 
and it is found that the load DE is given together with the 
stresses DM and EN, and as the resultant of the three forces 
is MN it is obviously correct to draw the line between these 
two points to complete the diagram and give the value of 
the stress in the king-rod of the truss. 

The same thing may be shown from a consideration of 
the stresses at the foot of the vertical rod, where all six 
stresses are known, and the resultant MN is only required to 
bring about equilibrium in the seven forces around this point. 




Fig. 44. 



Fig. 45- 



From an inspection of the disposition of the bars it is 
fairly obvious in what sense — tension or compression — all 
the bars will act, except bar KL and its continuation OF. It 
seems from consideration that bar KL must act as a strut 
under load BC, or else the rafter would have to act as a 
beam and carry the load by transverse resistance between the 
points **m'* and **n.*' 

To decide the matter we place an arrow in the stress line 
of bar JK, and continuing the system of arrows as shown in 
the diagram right round the bars to point J again we have 
no difficulty in perceiving that whilst the arrows on lines 
JK, MN, and PJ point away from the joint, and are there- 
fore in tension, at the same time the arrows KL, LM, NO, 
OP point towards the joint and are therefore in compression. 

The case shown in figure 45 is more complicated than the 
last, and the loading is not symmetrical, being made up of 

*Tbe previous articles of ibis series appeared in the Kaihway Engineer as 

follows :—!., May 1907 ; II., July, 1907 ; III., September, 1907 ; IV., 

October, 1907 ; V., December, 1907 ; VI., February, 1908. 



three unequal loads at the different points of the roof, and 
also of two unequal hanging loads suspended from the tie rod 
as shown in the outline diagram of the roof principle 

Of course the first thing to do is to find the values of the 
two reactions at the points of support, and this can be done 
either by the use of a funicular polygon and closing line, or 
by the simple summation of the leverages of the various 
loads, and the latter method is adopted, as follows, for the 
left-hand support : — 

3xi + 2xJ-f4xi-l-iX3 + 5x5 = 7*83 ions 
and for the right-hand support : — 

5xi+ix^ + 4xi + 2xJ-»-3x}=7*i7 tons 
total, 54-4 + 3 + 1 + 2 = 15 tons. 
The load line is now laid down in the usual way for the 
external loads BC, CD, EF, but it will be seen that when 
the two reactions are set down on the load line, that is, AJ 
from the top and FG from the bottom, that they overlap, and 
that the load and reaction line now becomes complicated to 
some extent. 

That the ^\q loads with the reactions are laid down in this 
manner instead of in one continuous line is a matter of con- 
venience only, and to avoid confusion both in the notation 
and in the working out of the stresses. 

By laying down the letters in proper sequence we set off 
upwards the hanging load JH over the reaction line AJ, and 
from the reaction line FG we set off downwards the hanging 

load GH, the point H found in 
this way from each of the re- 
action lines being of course 
superposed, otherwise the 
loads and reactions are in- 
correctly drawn. 

From the reaction A J, 
stress lines are now drawn as 
AK and JK, and with stress 
AK and load BC (the letters 
A and B being superposed) 
the resultant CK is given, 
which is resolved into KL and 
CL. 

Taking now the joint ** m '* 
there is the load HJ and the 
stresses JK and KL already 
known, producing the result- 
ant HL, which is resolved 
along HM and LM parallel to 
the corresponding bars in the 
truss diagram. 
The other half of the stress diagram is drawn in exactly 
the same way as that just described, and of course the point 
M found from both sides should coincide. 

The case shown in fig. 46 is also of some complexity and 
consists of an ordinary queen post roof truss with external 
loads, vertical on one side of the roof and inclined on the 
other, together with two vertical loads suspended from the 
horizontal tie rod or beam of the roof. For the sake of sim- 
plicity the case of the external loading is dealt with first. 

The load line is set down as shown at AB, BC, CD, DE, 
EF, FG, and the resultant is drawn from A to G. The point 
of division of the two reactions may be found by the funi- 
cular polygon and closing line, or in a much simpler manner 
by drawing the stress lines BP (which is an cxtcns'on of BL) 




Fig. 46. 
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and FP, and then if a horizontal line is drawn from P the 
point H is found on the load line resultant AG 

The point H beings found in this way, it is an easy thing 
to commence at the right hand, and from the point P already 
found, the load EF and stress FP being known, the resultant 
EP is at once resolved into EO and PO, while from the stress 
EO and load ED, resultant DO, the stresses DN and ON are 
set down. 

The line DN cuts through the line AG, and this gives the 
point J. The next procedure is with stress DN and load 
DC known, resultant CN, to resolve this along CM and NM. 
Then with CM and CB known, resultant BM, draw ML and 
BL, the latter being superposed on BP already drawn. 




For the bars at the foot of the rafter on the left-hand 
side we have the stress BL and the load AB known, with re- 
sultant AL, which can be resolved into AK and LK, and 
this completes the stress diagram for the external loads. 

Now consider joint **m,*' and it is found that although 
we have the stresses JN, NM, ML, LK, there still remains 
a force JK not yet provided against, and at the joint **n,** 
although we have the stresses HP, PO, ON, NJ, yet there 
remains a force HJ not introduced. 

This is the effect of the design of the roof, which is not 
composed of a series of triangles, is therefore not self- 
contained, and will collapse unless the two stresses HJ and 
JK are provided for. 

The force HJ is downwards and the force JK is upwards 
and will produce reactions as shown in fig. 47, and the re- 



sistance will have to be provided by the transverse strength 
of the beam. 

The stresses for the two suspended loads are now ob- 
tained as shown in fig. 48. The two reactions in this case 
equal the two loads and are set down in the stress diagram 
as GH and GK. The reaction GH is resolved along GO and 
HO, and stress GO is in turn resolved into GN and ON. 
The other half of the diagram is constructed in the same way. 

The stresses for the two conditions of loading, external 




Fig. A. 

and hanging, are now summated, and the roof timbers, rods, 
and bars made to suit. 

The next form of roof truss to be considered is shown in 
fig. 49. Following the usual procedure, the line of loads is 
laid down as given in the stress diagram, and by means of 
a funicular polygon the two reactions A J and JH are found 
upon the assumption that each of the two bearings is able to 
withstand inclined loads, or, in other words, that the sup- 
ports are fixed. 

Starting from B and J, and drawing lines parallel to the 
bars in the outline diagram above, we obtain the values of 
BK and JK. Next, with the stress BK and the load BC 
known, and forming a resultant KC, the stresses CL and 
KL are easily found. 

At this point the difficulty occurs that at the next joint 
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there are two forces to resolve into three, which is of course 
impossible. If, however, the bars MM^ and MN are assumed 
to be removed and bars ab and cd are allowed to be inserted, 
as shown by dotted lines in the outline diagram, the stresses 
in the remaining bars around the upper joint can be found 
by taking the stress CL and the load CD, resultant LD, and 
resolving this into LM and DM. 

Turning next to the lower joint at the foot of the vertical 
tie bar LM, we have the stresses JK, KL, and LM, forming 
a resultant JM, or what is identical, Ja, from which the 
stresses ab and Jb are found, the stress Jb being of course 
the same as JN in the completed diagram. 

Now, proceeding with the bars on the other side of the 
roof truss, we have GR and JR easily found, and with stress 
GR and load GF the resultant FR is transformed into RP 
and FP parallel to the bars in the outline truss above. Then 
with 00^ and ON out and replaced by the temporary bar cd 
we have the known stress FP and given load EF with re- 
sultant EP to translate into the two stresses EO and PO. 

Now turning to the joint at the foot of the vertical rod 
OP we have the three known stresses JR, RP and PO, leav- 
ing a resultant JO, which is in its turn resolved into Jd and 
cd, of course Jd being again identical with JN. 

The value of the stress JN being thus discovered for both 
sides of the roof truss, we can replace the letters **b** and 
*'d** in the stress diagram with the letter N, and if the tem- 
porary bars ab and cd are deleted and the permanent bars 
MM*, 00\ MN, NO replaced, we can again consider the 
joint at the foot of the vertical post LM. 

Here then there are the stresses given in JK, KL and JN, 
with resultant LN, and this is resolved into LM and MN, 
showing clearly that with the permanent bars the stress in 
the vertical rod LM is very different to what it was with the 
temporary bar ab in position. 

Taking the joint at the foot of the other vertical rod OP, 
the stresses JR, RP and JN give the resultant NP, which 
may be resolved into PO and NO. 

The joint at the top of the vertkal bar LM may next be 
taken. We have the stresses CL, LM and the load CD, with 
resultant DM, to resolve into DM* and MM*, and at the top 
of the vertical bar PO we have the stresses FP, PO, and the 
load FE, with resultant EO, to resolve into EO* and OO*. 

With these found, the apex joint is found to have stresses 
EO* and DM* and the load DE, which only require the line 
0*M* to complete the bars at the joint, and if we work the 
other way from the foot of the central rod we have the known 
inclined stresses ON and NM, together with the horizontal 
stresses OO* and MM*, which again only require the vertical 
0*M* to complete the figure. 

In the case of the roof principal shown in fig. 50, etc., a 
complication arises from the fact that there are extra hanging 
loads to be considered additional to those produced by the 
roof covering and the wind. The distribution of loads pro- 
vided for is that of inclined loads at each of the purlins of 
the roof on the left-hand side, vertical loads only on the right- 
hand side, and the additional f\\c hanging loads already re- 
ferred to. The bearngs are assumed to be fixed at both ends 
of the roof truss. 

The first thing to do is to find the values of the reactions 
from these systems of loads, fig. A being the diagram for the 
inclined loads, and fig. B the diagram for the vertical loads. 
The line of loads, funicular polygon, and closing line being 



used for this pur|K)se in both of the diagrams in the usual 
way. The values of the two vertical reactions for the ver- 
tical loads are then superposed on the two inclined reactions 
in diagram A to obtain the combined reaction AU and OP at 
"y*' and "x.»' 

These two reactions thus being found, the line of loads 
may now be laid down as in fig. 50, where the inclined and 
vertical external loads, being set down from A to O, the two 
reactions OP and AU are drawn upwards and downwards 
from the extremities of this line, and P and U are joined by 
the four extra loads, PR, RS, ST and TU. 

Commencing now at the left-hand of the roof principal 
and working from B and U, the stresses in BV and UV are 
laid down. With line BV and load BC the reaction CV is 
found, which may be transferred to the lines VW and CW. 
Next, with stress CW and load CD, reaction DW, the lines 
WX and DX are found without difficulty. 

Considering now the first joint from the left-hand *'k,'' 
we have already known the load TJ, and the stresses UV, 
VW, WX, with reaction XT, which may be resolved into 
the two directions XY and YT. 

The next joint '*m** at the upper part of bar XY now 
presents the **crux*' of the diagram, the difficulty being that 
although we know the load DE and the stresses DX, XY, 
the resultant of the three known forces has to be resolved 
into three directions, which is of course impossible to solve 
as the question stands. Hence, for the solution, the next 
three bars between this joint **m*' and the ridge of the roof 
are temporarily removed and replaced by the two temporary 
bars de, ef on this side of the roof and gh, hj on the other 
side, when the three correspK>nding bars on this side of the 
roof, between the ridge and '*n,*' are temporarily removed. 

Working, therefore, on this assumption for the joint 
'*m," we have the load ED, and the stresses DX and XY, 
with resultant EY, which may be at once resolved into Ed 
and dY. Going up to the ridge to the next joint we have 
the load FE and the stress Ed, with resultant Fd, to be 
transferred into the stresses Fe and de, and further up the 
back of the principal the load GF and the stress Fe, resultant 
Ge, to be resolved into ef and Gf, the latter stress Gf being 
asumed to be the permanent stress when the inner bars are 
removed and replaced. 

The joint **p** is now to be considered, and at this point 
we have the load ST and the stresses TY, Yd, de, ef, which 
together form a resultant Sf which is at once resolved into 
fB* and SB*. 

At this juncture we remove the temporary bars and re- 
place the permanent bars, and, still working at joint **p,'' we 
have obviously stress B*S, load ST, and stress Y(i), which 
only requires the line superposing from (i) to B* to complete 
the stresses at the point "p." 

Now for the joint **m** the stress (i)Y has just been 
found, we have the other stresses YX, XD, and the load 
DE, with the resultant (i)E, to resolve into the stresses 
(i)(2) and E(2). For the next joint up the rafter there is 
the load FE and the stress E(2), to form a resultant F(2), 
which may be resolved into the two directions (2) (3) and 
^{3)' Again, for the next higher purlin we have the load 
GF and the stress F(3), with resultant 0(3), to transpose into 
(3) (4) and G(4), the latter stress G(4) being identical with 
Af, which is already found. 

The stresses for the other half of the roof are to be found 
in precisely the same way, and an indication of some of these 
stresses is given in the stress diagram. 
(To be continued.) 
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Feppo-Concrete Overbrrdge; North Eastern Railway. 

Havint. erected office buildings, warehouses, and a large 
goods station in Newcastle-on-Tyne of Ferro-Concrete, the 
engineers of the North Eastern R. have gone a step further 
and applied the Mouchel-Hennebique system of Ferro-Con- 
crete to bridge design as art economical and imperishable 
substitute for steelwork, which, unless carefully protected, 
is rapidly destroyed by atmospheric influences, and the cor- 
rosive gases and steam discharged from the funnels and 
safety valves of locomotive engines. 

The destruction of iron and steel bridges is so extensive 
in the United States that they are being replaced on a large 
scale by structures of Ferro-Concrete, which is quite un- 
affected by deleterious gases and climatic variations, and, 
unlike iron and steel, involves no expenditure for painting. 



The new Ferro-Concrete span has been built upon the 
abutments which previously carried a bridge consisting of 
cast-iron girders, between which were cambered cast-iron 
plates and earth filling. One of these girders was 
found to have been fractured, either as the result 
of flaws in the metal, or excessive loads. Consequently 
it became necessary to re-construct the bridge, but as the 
abutments were in good conclilion they were allowed to re- 
main as the supf>orts for the Ferro-Concrete girder span. 

Referring to figs. 2 and 3, it will be observed that the 
decking consists of a continuous slab of Ferro-Concrete, 6in. 
thick, laid over a system of longitudinal and transverse 
beams, the former i2in. wide by i8in. deep and the latter 
6in. wide by i4in. deep, but the effective depth in each case 
is really increased by 6in., the Hii^^l<ni^ss of the deck slab. 
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Feiro-Concrete Overbridge ; 

On the Great Western R. the erection of several Ferro- 
Concrete bridges in the city and environs of Bristol has been 
commenced, and on the (treat Eastern R. an overbridge of 
reinforced concrete is about to be built, but to the North 
Eastern R. must be given the credit of having completed the 
first bridge in (ireat Britain. 

This bridge is illustrated by the annexed drawings, and 
is situated in the parish of Nidd Bridge, about 5 miles north 
of Harrogate. It was designed for carrying the heavy road 
traffic on the Brearton and Ripley Highway across the 
Leeds Northern branch of the North Eastern system. 

From figs, i and 2 it will be seen that the bridge com- 
prises six Ferro-Concrete girders which have a span of 35ft. 
clear between the masonry abutments, and that the width 
between parapets is 25ft. 7in. 



S£CTWN X. X. ^(w/wfjf £yt'fietr 

North-Eastcrn Railway. 

The main beams are disposed in two groups of throe, this 
arrangement having been made in order to facilitate the 
construction of the bridge in two longitudinal sections, 
thereby avoiding the interruption of highway traffic. 

The main and secondary beams are strongly reinforced 
by ordinary round steel bars for resisting tensile stresses due 
to bending moments and also by verti<^al stirrups or loops of 
steel strip for withstanding shearing stress and tension on 
diagonal planes in the concrete. The secondary beams con- 
stitute short continuous girders, and the reinforcing bars arc 
disposed with a special view to the distribution of internal 
stress prevailing in members of that class. The concrete in 
the deck slab is reinforced in longitudinal and transverse 
directions by round steel rods as well as by stirrups for 
resistance to shearing stresses, and in addidoQ to the 
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tinuity between the reinforcing system the whole of the coo- 
struclion is of monolithic character. 

It was not found neiTSsary to disturb the existing 
parapets and the cast-iron girders supporting them, as the 
whole of the load coming on the Bridge i$ now supported 
by the Ferro-Concrctc superstructure. 

This bridge was designed to bear without undue deflection 
or vibration the rolling load of a 20-ton traction engine 
placed in the most unfavourable position and the area not 
covered by the engine to be also subjected to a live load of 
1 cwt. per sq. foot. 

The designs were prepared by Mr. H. J. Rudgard, 
Assoc. M. I.e. E., under the supervision of Mr. W. J. 
Cudworth, M.Inst.C.E., engineer of the southern division of 
the North Eastern R., under whose superintendence the work 
was executed by the Yorkshire llennebique Contracting Co., 
Ltd., of Kirkstall Road, Leeds, a firm which has built a good 
number of Ferro-Concretc highway bridges in various parts 
of Yorkshire and other counties. 

One half of the bridge was commenced on September 24th 
last year and completed on the 9th of October. The second 
half was started on November 4th and finished on the 19th 
of the following month. These dates show in a striking 
manner the rapidity with which Ferro-Concrete work can be 
executed. The first section of the bridge having been com- 
pleted in the short time of 15 days, was left to harden for 
nearly a month. At the expiration of that period it was 
opened to traftic, and the second section being then taken 
in hand, was also completed in 15 days. Of course steel 
girders could have been erected on the site in much less time, 
but the length of time consumed in obtaining delivery of the 
finished steelwork is quite another matter. 

On January 17th the bridge was officially tested by the 
railway company's engineers, accompanied by Mr. Joseph 
H. Halstead, surveyor to the Knaresborough R.D.C. ; 
Mr. T. J. Gueritte, B.Sc., representing Messrs. 
L. G. Mouchel and Partners ; and Mr. H. Fisher, 
representing the Yorkshire Hennebique Contracting 
Co., Ltd., the contractors. As no 20-ton steam roller 
could be found in the district the engineers decided to 
conduct the tests with a 14-ton steam roller, which was 
passed several times across the bridge. 

The maximum deflection of the main girders in no case 
reached^ in., and therefore was less than .00022 of the span. 
1 his deflection is exceedingly small, and far less than the 
minimum permitted in the case of steel girder spans. If a 
20-ton steam roller had been available it is probable that the 
deflection would not have exceeded .00031 of the span. 

These tests must be regarded as demonstrating in a most 
satisfactory manner the exceptional elastic strength of Ferro- 
Concrete and the suitability of the material for railway and 
highway bridge construction. 



Blook-Signal Systems and Applianoes fop the Auto- 
matlo Control of Railway Trains in the U.S. America. 

Im the Railway Engineer for June last appeared a summary 
of the report on above subject that was presented by the 
Interstate Commerce Commission to Congress. It was there- 
in stated that Congress had voted 50,000 dols. for experi- 
menting with systems of automatic train control. 

Subsequently a block-signal and train control board of 
four experts and a secretary was appointed to examine ideas 



submitted to the Commission and to make experiments. 
From the annual report of the Interstate Commerce Com- 
mission we learn that up to the issue of the report 495 
devices or systems had been inspected, of which 245 had 
been rejected on the grounds that, whilst they were " safety 
appliances/* they were not related to signalling. Of the 
remaining 250 ideas a complete description had been fur- 
nished of 175. Already 55 of these had been rejected, mostly 
because they had not sufficient merit to warrant further 
attention. As was expected, ** the inventors are manifestly 
unacquainted with the requirements of railroad service.** Of 
the 120 devices under examination the report says that it 
is expected that a number will exhibit sufficient merit to 
warrant installation and test, but as it is desirable that such 
tests as may be undertaken shall extend over a considerable 
period of time in order to determine the efficiency of the 
devices under all conditions of traffic and weather likely to 
be encountered in practical service, it will necessarily be 
several months before a final report can be expected. 

The report also says that it is desirable to inspect cer- 
tain cab signal installations in Europe, some of which are of 
10 years* standing. Cab signals, it is remarked, are not 
automatic train stops, but they use either the mechanical 
trip or electrical contact in the same way that an automatic 
stop would use it. It has therefore been considered advis- 
able for a member of the Signal Board to visit England and 
France to examine this European experience. 

Capt. Angel Ames, the signal engineer of the electrical 
zone of the New York Central, and Mr. B. B. Adams, one 
of the experts employed by the Commission to make the 
report reviewed in the Railway Engineer for June last, are 
two members of the Signal Board, and they arrived in 
England on the 5th ultimo. 



Boring IVIultiple Cylinders. 

By E. J. MqKernan, Tool Expert ^ Atchison, Topeka and 

Santa Fe Railway System, 
The usual locomotive cylinder boring machine consists of 
a horizontal spindle and table permitting of no adjustment 
at all or only lateral adjustment. With these machines of 
the old design much time is consumed in properly setting 
the cylinder so that the boring bar will strike the true centre ; 
and high speeds and rapid cutting are not obtained. These 
disadvantages are, of course, magnified when cylinder cast- 
ings having two or more cylindrical chambers are to be bored 
and faced, because the work has to be set twice, and the 
cylinders and valve chambers (for piston valves) must be 
truely parallel with each other. If the cylinders should l»e 
out of parallel the working of the engine will throw great 
strain upon the guides with consequent detrimental effect 
on the locomotive machinery, causing undue wear, strain 
and trouble. 

With the development of high-speed steel for cutting 
tools of great capacity, and in locomotive construction, 
with engines having piston valves and often compound 
cylinders on the Vauclain principle or on the four cylinder 
balanced compound principle, a machine capable of the most 
effective service under these conditions is a shop necessity, 
and on the single bar machine has been found to be the 
best for general railway practice. It has less gearing and 
is simpler and, consequently, much easier to maintain. On 
account of the lesser number of parts, the single bar machine 
is the most economical to drive, hence the power required 
can be obtained from a small motor. There are no doubt 
some advantages in boring two or three chambers at once, 
but it has been found in practice that the chatter of one tool 
is transmitted to the other tools, thereby causing a rough 
finish in all bores. This is entirely obviated in the single bar 
machine. 

At the Topeka shops of the .Santa Fe R. a cylinder boring 
machine which will answer all requirements in regard to the 
boring of cylinders for all classes of compound engines has 
been built. This machine is also adapted to bore cylinders 
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on engines which have one cylinder or chamber at an angle 
to the others. All cylinders or chambers may be bored at one 
clamping of the casting by raising or lowering the table 
which has an elevating movement of 37in., a cross travel 
of 35in. and a range of 15° (fig. i), horizontal swivelling 
as shown by figs, i, 2 and 3. The mill is direct motor driven. 
The table is raised or lowered by power connection with the 
main motor through bevelled gears and clutches, controlled 
from the operator's side of the machine. All the mechanism 
is of the latest design and is strong and durable, all gears 



it will move along on the bar and is driven by means of a 
I in. key and set screw, and will pull any cut that is put 
on the machine. The facing heads are fed by means of a 
star feed attachment. 



Fig. I.— Rapid Universal Locomotive Cylinder Boring Machine. 

being made from good gray iron, all bushings of phosphor 
bronze ; the boring bar is 7in. in diam. and is made from open 
hearth steel, and is fed through the cylinder by means of a 
spur gear and rack which makes it very rigid in operation 
and gives a very smooth bore. 

One of the facing heads on the machine is made so that 



Fig. 3. — Casting set with Inclined Cylinder parallel to Boring Bar, showing 
Low Pressure Cylinder and Valve Chamber out of parallel. 

The screws that elevate the table arc made from soft steel 
and arc S^in. diam. and arc Jin. pitch, the screws set at 

ons, and the machine takes 
ving an extreme length of 
ith of 14 ft. 

►ring a three chamber com- 
i a year of 3,000 working - 
nd cylinders. 
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On the old style boring^ mill it has taken from 26 to 28 
hours to bore a three chamber compound cylinder. It will 
be noted that by the use of a modern boring mill of this kind 
II hours can be saved on each three chamber compound 
cylinder. 

A simple cylinder can now be bored in three hours 
on this machine, thus making a saving of 5 hours on each 
simple cylinder bored, or over 1,500 dols. per year in wages 
alone, in addition to increasing the machine capacity from 
only 375 cylinders per year to 1,000 simple cylinders, giving 
an output of 625 cylinders more per year. Where only 115 
three chamber compound cylinders could be handled with 
the old style boring mill, the new machine will bore 200 
cylinders, thus increasing the output of compound cylinders 
about 77%. 

If a machine which bores only one chamber of a locomo- 
tive cylinder casting at one time is to compete successfully 
with one which can bore three chambers simultaneously it 
must not only bore rapidly but it must be so constructed so 
that only one setting will be required to bring the chambers 
into position to bore. This arrangement has been attained 
in the machine described in this paper insuring that after a 
cylinder has been lined up and clamped on the table any of 
the chambers may be brought exactly into position for 
boring and making it impossible to bore two chambers out of 
parallel unless desired. 

A machine of this design has been in operation for some 
time at the Topeka shops of the Atchison, Topeka and 
Santa Fe R. Company, and is giving first class satisfaction, 
both in its convenience in handling, and in the lower produc- 
tion cost. It is understood that arrangements have been 
made for the Tool and Railway Speciality Manufacturing 
Company of Atchison, Kansas, to place machines of this 
type on the market. 

The Erection of the Pwll-y-Pant Viaduct, Barry 
Railway.* 

The viaduct described is on the Brecon and Merthyr Exten- 
sion of the Barry R. It is for a double line of railway, is 800 
yards in length, and crosses the main line of the Rhymney 
R., the Rhymney Valley and river, about 10 miles north of 
Cardiff. It consists of eleven spans of steel lattice-girders, 
each 170ft. iiin. long, which rest on brick abutments, and 
ten intermediate piers, eight of these piers being over looft. 
in height; and the viaduct terminates at its north and south 
ends with semi-circular brick arches of 36ft. span. 

The nature of the foundations, the concrete and brick- 
work in the abutments, piers, and arches, and the steelwork 
of the girders, cross girders, decking and bearings having 
been referred to, the author describes the timber staging on 
which the girders forming three of the spans were erected 
and riveted, and then calls attention to the chief feature of 
interest in the work, namely, the special method adopted for 
the lifting, carrying forward, and subsequent launching of 
the girders of eight of the spans on to the piers in advance of 
those already erected. 

With a viaduct such as that described, ^ mile in length, 
and over looft. in height above the valley and river which it 
crosses, the time required and the cost of erecting a staging 
from the ground-level for eleven spans would have been ex- 
cessive ; whereas the method described in this paper, besides 
proving very successful in its execution, was economical both 
in time and in cost. The author believes this to be the first 
instance in England of the erection of girders of such dimen- 
sions and weights by the method here described. Details of 
the weights of the girders and flooring, as well as of the 
rolling loads employed in testing the viaduct, are given, and 
also particulars of the progress of the brickwork, and of the 
erection, riveting and launching of the girders, the number 
of men employed, and the total cost. 

• Abstract of a paper by Mr. A. L. Dickie read before the Institution of 
Civil Engineers. 



The Locomotive from Cleaning to Driving.— XV.* 

By 
John Williams, Locomotive Inspector Great Central i?., and 
Jas. T. Hodgson, Mechanical Superintendent School of 
Technology^ Manchester, 
Lubrication, 
The Hulburd Engineering Co., London, are makers of 
the ** sight feed*' lubricator, as shown in the sectional draw- 
ing, fig. 46. 

These lubricators are made in a compact manner and are 
fixed inside the cab, so that the driver by watching the drops 
of oil as they rise through the sight glass has the satisfaction 
of seeing the lubricant actually fed at any desired rate into 
the pipes leading to the parts to be lubricated. With this 
type of lubricator the feed of oil is regulated by ** equalisers,** 
which prevent too great a variation in the feed supply, and 



Fig. 46. 

by a special arrangement of the pressure valves in the head 
the glasses can be maintained perfectly clear, even with the 
oil rising at 200 drops per minute. 

The oil is delivered into the main steam pipes or steam 
chests as required, in such a manner that the steam is 
thoroughly impregnated with the lubricant, thus reducing 

•Copyright. No. I. of this series appeared in February, 1907; No. II. in 
March, 1907; No. III. in April, 1907; No. IV. in May, 1907*; No. V. in 
June, 1907; No. VI. in July, 1907; No. VII. in August, 1907; No. VIII. 
in September, 1907; No. IX. in October, 1907; No. X. in November, 
1907: No. XI. in December, 1907; No. XII. in January, 1908; 
No. XIII. in February, 1908; No. XIV. in March, 1908. 
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the valve face and cylinder wall friction to a minimum. When 
the oil is delivered into the steam chest, as is often the case, 
a single lubricator is usually sufficient for inside cylinder en- 
gines, but if for outside cylinders one double or two single 
**sight feed** lubricators are necessary for the separate steam 
chests. 

When first introduced for stationary purposes coils of 
tubing or chambers in the steam supply pipes were fitted well 
above the body of the lubricator, in order that a column of 
water could be formed in the coils, by the condensation of the 
steam supply. The lubricators were fixed in such a manner 
that the pressure of the steam inlet was equal or nearly equal 
to the pressure against which the oil was to be delivered, and 
the gravity of the water was utilised behind the oil, thus 
forcing it toward the parts to be lubricated. 

The long condensing coils and the necessarily slender 
connections were unsuitable for other than stationary pur- 
poses, so that considerable improvements in the design of the 
lubricators were necessary before they were adaptable to the 
locomotive. 

Modern improvements have rendered these external con- 
densers or slender coil connections unnecessary, and as a con- 
sequence the lubricators have been much simplified, with a 
correspondingly greater adaptability for locomotive purposes. 

In the Hulburd*s Patent Sight Feed Lubricator, fig. 46, 
an internal condenser is so contrived that it protected from 
damage by frost, and an immediate condensation is con- 
tinuously obtained as soon as steam is admitted 

The Wakefield *s Patent Double Sight Feed Locomotive 
Lubricator, with Auxiliary Feed, fig. 47, is a very popular 
type and is extensively used. 



The manner in which oil may be 
displaced by the gravitation of water 
has already been described, and the 
same principle is applied to ** sight 
feed** lubricators, the necessary steam 
being taken from the combination 
stand or some such fitting, so as to 
obtain the nearest possible approach 
to the absolute pressure in the boiler, 
llie steam enters the lubricator by the 
Fig, ^7, connection G, and is controlled by the 

valve A, which also regulates the 
flow of the oil as it passes to the outlet pipe H, 
and thence through the oil pipes leading to the 
steam chests. The steam inlet tube a terminates in the lower 
part of the oil vessel J, so that the oil is forced upward by the 
condensation, and through a delivery tube e which stands 
vertical with its open end inside the upper portion of the 
vessel J. This delivery tube, which is connected to the pass- 
age leading into the nipple in the bottom of the ** sight feed** 
glass D, stands full of oil, when the lubricator is working, 
r^ady to be delivered at any desired rate as regulated by the 



small wheel valve E, which controls the before-mentioned oil 
passage e leading to the nipple. The wafer in the sight glass 
being subjected to pressure at both the inlet and delivery side 
is practically in equilibrium, so that the oil when discharged 
from the nipple rises by its levity through the water past the 
valve M to the pipes H leading to the parts to be lubricated. 
A small automatic check valve M into the passage leadinj*^ 
from the sight glass to the outlet H so that when the equi- 
librium is disturbed by the bursting or breaking of a glass 
the valve is held tight upon its seat by the pressure behind, 
thus protecting the driver and fireman' from scalding by pre- 
venting the escape of steam. W^hen a break occurs the valve 
E must be closed, and the auxiliary feed x-alve \, which is 
closed when the lubricator is working normally, should be put 
into operation by opening it the same proportion of turn that 
obtained with the valve E. Bye-pass passages, which are 
controlled by the valve \, lead from the upper portion of the 
oil vessel to the outlet H, so that when opened the auxiliary 
valve continues to feed the oil as before, until the broken 
glass has been replaced, normal working being resumed by 
closing N and opening the valve E. 

The method of filling and starting is practically the same 
in all types of **sight feed** lubricators. With' all valves 
closed, remove the plug B and fill the vessel full. It is good 
practice to fit a small gauze strainer or sieve into the mouth 
of the vessel, so that it will retain any grit or foreign sub- 
stance that may be present in the oil, and which would tend 
to choke up the passage in the lubricator, .\fter replacing 
the plug, release the valve A slowly from its .seat, so as to 
allow condensation to gradually fill the **sight feed*' glass. 
When the glass is filled with water regulate the oil supply 
with the valve E, six drops per minute being usually ample 
for ordinary conditions. The starting of the lubricator 
should not be done in a hurried manner, as the oi» is liable to 
become agitated, and mix to a certain extent with the water, 
thus obscuring the sight glasses before steady working has 
commenced. To re-fill the vessel, close the valves A and E, 
loosen drain-cock F to draw off the water, and remove plug 
for filling as before. The seat of the drain-cock should he 
maintained in good order, so that sufficient pressure can be 
applied with the hand for closing the drain and preventing 
any drip. The remarks previously applied to a lubricator 
drain-cock are equally applicable here. Seeing that the oil 
I is fed by the condensation of the steam, care should be taken 
f that the oil vessel is not entirely emptied before re-filling> 
f otherwise the lubricator may get too hot for condensation to 
take place efficiently, and it would have to be cooled before 
displacement could commence. On the other hand, in frosty 
i5 weather the water should be drained from the oil vessel and 
the drain-cock left open before putting the engine away, to 
/a-^ryj^Mwr guard against the liability of bursting the oil vessel by the 
freezing of the water. 



The thick oil which is used for cylinder lubrication is apt 
to cling to the passages or pipes contained in the lubricator, 
thereby impeding the free movement of the oil, and causing 
the lubricator to show signs of sluggishness when cleaning 
out becomes necessary. This can be done by passing petro- 
leum through the various passages and afterwards blowing 
steam through, so as to remove the dirty substances which 
have been loosened by the petroleum. Little more need be 
said about lubrication, providing the driver adapts himself 
to the various conditions and circumstances affecting the 
efficiency of his methods. 

Referring again to the subject of lubrication generally, it 
may be said that attention to detail and system are absolutely 
necessary. A bearing or journal, for instance, maintained in 
good order will give little trouble under ordinary conditions, 
but if the same bearing is subjected to the slightest neglect 
it is apt to get out of hand, and, once having become heated, 
the rubbing surfaces may be damaged by the seizing or 
scoring that may take place, and sufficient heat may also be 
generated to seriously damage the parts affected by the ex- 
pansion of the metals, so that considerable time, trouble and 
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patience will have to be sacrificed before the refractory bear- 
\n^ assumes its normal workings condition. 

Dust or ftfrit picked up whilst runninj^ may often so 
seriously damag^e the surface of a bearing* or journal that 
considerable attention is absolutely essential to prevent per- 
manent abrasion or scoring of the wearing surfaces. Under 
these circumstances special methods of lubrication should be 
adopted, such as the introduction of graphite or some such 
material, otherwise overheating or seizure is likely to occur. 

The Joseph Dixon Crucible Company are well-known 
manufacturers of a special flake graphite, which by reason 
of its perfect smoothness is suitable for application to re- 
fractory bearings or journals. 

At the same time it should be pointed out that however 
careful a driver may be if the various journals or bearings 
are not properly fitted together in the shops no amount of 
lubrication will make them run cool, so that if any doubt 
exists as to the proper adjustment of the different parts owing 
to any particular bearing persistently running warm, a driver 
should not hesitate to report the matter. 
(To be continued,) 



Notes on the Erection of Cantilever Bridges.* 
This paper deals with the eref.tion of cantilever bridges by 
the process of corbelling forward, and the temporary stresses 
which take efTect when the process is extended to the central 
** independent ** span, by using its panels as a temporary 
prolongation of the cantilever. During this part of the pro- 
cess the stresses due to the weight of the structure are greatly 
changed — not only in the members of the independent span, 
but also in the cantilever. The river-arm and also the shore- 
arm of the cantilever are now subjected to greater bending 
moments and greater boom -stresses, and these are briefly 
referred to ; but the more important changes are those which 
will generally take efl'ect in the web-system of both arms of 
the cantilever, and they become especially important when 
the web-system consists of vertical posts and diagonal ties 
designed to act only in tension. 

Taking any ordinary form of cantilever, of varying depth, 
it is shown that, while the vertical shearing force at all points 
in the river-arm undergoes no change under the altered con- 
dition of the structure, yet the tensile stress in the diagonal 
of every tapering panel is considerably less than the stress 
due to the same load in the completed bridge. Thus, it is 
possible that the tensile stress in one or more diagonals may 
fall to zero as soon as the corbelling proi'ess reaches a certain 
definable stage, and if the process goes further the stress 
may be reversed in direction. Any such reversal of stress 
would tend to induce a buckling of the lower boom, and it is, 
therefore, nei^essary to examine this contingency in detail. 

To define and to simplify the problem, the cantilever is 
first treated as a pin-connected frame of discontinuous bars, 
free to turn at the joints (the diagonal ties being flexible). 
I1ic arm, which projects beyond any given panel, can then 
be examined in respect of its equilibrium while the process of 
corbelling goes on ; and the stability of the arm vanishes as 
soon as its centre of gravity reaches a certain critical point 
P. If the corbelling process is carried any farther, the col- 
lapse of the pin-connected frame follows as a necessary con- 
sequence from the upward buckling of the lower boom at one 
or more of its joints. 

The critical point P is determined for each panel by a 

* Abstract of a paper by Prof. T. Claxlon Fidltr, read before the Institution 
of Civil Engineers. 



simple graphic method, and serves the purpose of a meta- 
centre, so that the question of stability can readily be deter- 
mined when the centre of gravity has been found. 

Passing from the hypothetical illustration, the lower boom 
is next considered as a continuous member following the 
same general outline; and the upward buckling tendency 
is most clearly apparent when the member is designed to 
follow an arched outline (con\'ex upwards). The continuity 
of the member does not greatly alter the governing con- 
ditions as found in the pin-connected frame. At any stage 
in the corbelling process the same forces are in operation 
producing the same buckling tendency ; and as the centre of 
gravity moves out to the point P, the lower boom passes 
under a new set of conditions. It first loses the support of 
those forces or reactions on which it had depended for its 
stiff^ening in the vertical plane. Then, as the corbelling goes 
on, the boom is subjected to positive transverse bending 
forces or stresses with an ever-increasing tendency to push 
forward the upward buckling movement. 

The shore arm of the cantilever is to be treated in the 
same way, the anchorage force being duly taken into 
account; for in this arm also it is equally necessary to con- 
sider the possible contingency of an upward buckling of the 
lower boom under like conditions of equilibrium. 

The general practical question whether the corbelling 
process can be carried out so far as to reach the centre of the 
span (or to reach any given intermediate point), without in- 
volving this contingency in either arm of the cantilever, 
must depend in each individual case upon the features of the 
design — the length and weight of the independent span, the 
geometrical form of the cantilever, and the curvature of its 
lower boom — and also upon the actual distribution of the 
load upon every panel of the bridge. 



4-6-2 <' Pacific'' Engine; Lake Shore and Michigan 
Southern Railroad. 

It will be noticed from the particulars given below of these 
engines that their tractive eff^ort approximates closely to that 
of the ** Pacific*' engine — illustrated in our last issue — re- 
cently designed for the Great Western R. by Mr. G. J. 
Churchward, and on this account It may be interesting to 
compare the leading dimensions and ratios of the two designs. 
We have therefore added them to the particulars, for which 
we are indebted to the Railway Age, given below : — 

Since 1901, when the first ** Prairie" type engine was put 
in service on the Lake Shore and Michigan Southern R. this 
type has been the favourite in heavy passenger service on 
that railway. Recently, however, this company placed an 
order with the American Locomotive Co. for 25 ** Pacific** 
type engines, which are illustrated herewith. These loco- 
motives are, with the exception of the ** Pacific** recently 
built for the Pennsylvania R., the heaviest passenger engines 
ever built by the American Co. Another interesting feature 
is the application of a combustion chamber to the last three 
engines of the order. 

As compared with the heaviest class of *' Prairie** type 
engines now in service on the L.S. and M.S.R., the engines 
illustrated have about the same weight on driving wheels, 
the same diameter of drivers, and the same boiler pressure, 
but, with cylinders ^i-n. larger in diameter, they have a 
greater tractive power. 
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4-6-2 *' Pacific" Engine ; Lake Shore and Michigan Southein RR. 



The following table gives the principal dimensions and 
ratios of the two types, together with those of the Great 
Western R. 4-6-2 engine : — 







With 




Great 






com- 


With. 


Western 






bustion. 


out. 


Railu ay. 


Type 


2-6-2. 


4-6-2. 


46-2. 


4-62. 


Toial weight, lb 


244.700 


261,500 


261.500 


218,960 


Weight on drivers, lb. 


i7o,ccx) 


170,000 


167,000 


134,400 


Tractive effort, lb 


27,850 


29,200 


29,200 


29,430 


Size of cylinders, in 21} x 28 


22 x 28 


22 X 28 


15 X 26 


Total area of cylinders, &q. in. 


726 I 


7603 


7603 


70684 


Diameter of drivers, in. 


79 


79 


79 


Sui 


Total heating surface, sq. ft. ... 


3»905 


4.195 


3.409 


3,400-81 


Grate area, fq. ft 


55 


563 


563 


4679 


Tractive effort 4- total heating 










surface ... 


713 


696 


656 


8 66 


Weight on drivers - tractive 










effort 


61 


5-83 


572 


456 


Total weight -r tractive effort 


88 


903 


903 


7*47 


Tractive effort x diameter of 










drivers -i- heating surface 


56J 


55^ 


675 


69700 


Total heating surface -j- grate 










area 


7» 


74*5 


605 


81 '4 


Total heating surface -r volume 










of both cylinders 


332 


340 


276 


26 ro 


Firebox heating surface -f tube 










heating surface, per cent.... 


6-17 


4*92 


862 


50 


Weight on drivers -r total 










hea'ing surface 


43-6 


40*0 


489 


39 5 


Total weight -f total heating 










surface 


627 


624 


767 


644 


Equated heating surface 


1,061 


1,091 


1, 002 '3 




Tractive effort x diameter of 










drivers -■ equated heating 










surface 


2,070 


2,114 


2.302 





To:al weight -f equated heating 










surface 


230 


239 


260 


— 


It will be noticed from this table that 


in the '' 


Pacific" 


engine 340 sq. ft. of heat 


mg surface for every cubic foot of 



cylinder volume has been provided; also that the figure re- 
presenting the *' boiler-driver** factor or factor of steam 
consumption (tractive effort x diameter of drivers -^ heating 
surface -550) is well within the usual limits for this type of 
engine, which would indicate that these engines have a large 
boiler capacity for high speed sustained for long periods. 

A careful comparison of the ratios of the two types will 
also show that especial care has been taken in the design of 
the ** Pacific'* engines to provide the same satisfactory pro- 
portion between boiler and cylinder capacity as were ob- 
tained in the '* Prairie'* type engine. 

The boiler is of the radial stayed type, with conical con- 
nection, the outside diameter of the first or smallest course 
being 72in. The boilers without combustion chambers con- 
tain 379 tubes 2in. diameter and 20ft. long. In the boiler 
with combustion chambers shown in the accompanying illus- 
tration the only changes made are the introduction of the 
4ft. combustion chamber and a reduction in the number and 
length of the tubes; otherwise they are the same as the 
boilers of the other engines ordered. The tube plate has 
been moved ahead so that the tubes are 18ft. long, or only 
2ft. shorter than in the engines without combustion chamber, 
although the combustion chamber is 4ft. long. The number 
of tubes has been reduced to i^2^2^ as against 379 in the 
other engines. These changes reduce tTie tube heating sur- 
face 848 sq. ft., or 214 per cent., while the firebox heating 
surface is increased 62 sq. ft., or 33*4 per cent. Results 
from the use of the combustion chamber on the Northern 
i^acific R. have shown that the increase in firebox heating 
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surface fully offsets the decrease in tube heating surface and 
the evaporative efficiency of the boiler is in no way decreased 
by the introduction of this feature. The relative steaming 
qualities of the two boilers here described is best shown by 
a comparison of the figures in the table for equated heating 
surface. These figures are obtained from H. H. Vaughan's 

t 





'0 



■ai 



1. 



4-6-2 '• Pacific" Engine ; I^ke Shore 

formula, which puts the efficiency of the tube heat'ng surface 
as inversely proportional to the square root of the length of 
the tubes in feet. By such a comparison it will be seen that 
although the total actual heating surface has been reduced 
786 sq. ft., or 187 per cent., the total equated heating sur- 
face has been reduced only 89 sq, ft., or 81 per cent., which 
would indicate that the eng'ne with combustion chamber will 
steam fully as well as those not so equipped. 

As will be seen from the illustration, the combustion 
chamber is stayed to the shell of the boiler by radial stays 
on the bottom and sides and by expansion stays on the 
upper section. A number of ijin. rod stays between the 
chamber and the shell of the boiler serve to further stiffen it. 
The water space between the chamber and the shell of the 
boiler is about H^m. at the bottom and 7in. at the closest 
point on the sides, which gives ample space for good circu- 
lation. 

The application of the combustion chamber to these en- 
gines, as to also two of another duplicate order of 20 for the 
same railway, and to the 6 decapod engines recently com- 
pleted for the Buffalo, Rochester and Pittsburg R., shows 
the increasing popularity of this feature as a means of re- 
ducing boiler trouble. 

Another interesting feature of the design is the arrange- 
ment of the VV^alschaert valve gear, which is similar to that 
employed on the ** Pacific" locomotive built for the Pennsyl- 
vania R. by the American Locomotive Co. The link is 
located just behind the centre of the forward driving wheels 
and is supported on a steel casting outside of the driving 
wheels, which extends between the guide yoke and the frame 
cross stay between the first and second pair of driving 
wheels. The reversing shaft is supported on the back end of 
this same casting and the reverse shaft arm is directly con- 
nected to the radius bar by means of a slip joint. 

The principal dimensions and weights are : — 

Cylinders, 22in. by 28in. 

Boiler, diameter first ring, 7ii§in. 

Boiler pressure, 200 lbs. 

Firebox, 75iin. by io8Vm. 

Tubes, number, 379. 

Gauge, B. W. G. No. 11. 




and Michigan Southern Riilwny. 

Diameter, 2in. 

Length, 20ft. 
Heating surface : Tubes, 3,9606 sq. ft. 

Firebox, 206 sq ft. 

Arch tubes, 284 sq. ft. 
Total, 4,19^^ A^. ... 
Valves : Type, piston. 

Maximum travel, 6in. 

Steam lap, i j^in. 

Fxhaust clearance, -jV*"- 

Setting lead, j'n. 
Back engine truck wheels : 

Diameter, 50^ in. 

Journals, Sin. by I4in. 
(irate area, 56*3 sq. ft. 
Driving wheels : Diameter, 79in. 

Journals, lo^in. by I2in. 
Front engine truck wheels : 

Diameter, 36in. 

Journals, 6^in. by I2in. 

Wheel base : Driving, 14ft. 

Rigid, 14ft. 

Total engine, 36ft. 6in. 

Engine and tender, 67ft. lojin. 
Tender : Water capacity. 8,000 gallons. 

Coal capacity, 14 tons. 

Journals, S^in. by loin. 
Weights : On drivers, 170,700 lbs. 

Total engine, 261,500 lbs. 

Engine and tender in working order, about 423,700 
lbs. 

Tractive effort, 29,200 lbs. 



Locomotive Lubrication.* 

With reference to high steam pressure and superheated 
steam. 

At the 1906 convention, your committee reported that for 
locomotives with steam pressures as high as 225 pounds, or 
those using super-heated steam, the temperature of which is 
as high as 600° F., the ordinary valve oil has been found by 
experience to be quite suitable, apd the problem is one of 
delivering the oil in proper quantities to the places needing 
it ; vour committee believes the latter is possible with the 
modern sight-feed lubricators now in use. 

•Report of the Committee— Messrs. D. R. MacBain, R. D. Smith, R. F. 

Kilpatrick, C Kyle, and W. O.Thompson-- to the American Master 

Mechanics* Association. 
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How far may we economise in lubrication, both interna] 
and external? 

Internal Lubrication. — Internal lubrication should not be 
stinted, for it is more important that an engine perform its 
work properly and without undue wear or heating. Dry 
valves and dry cylinders mean rapid wear of the surfaces 
of contact in the steam chest and cylinders, also excessive 
trouble with the valve motion parts. Too much economy 
in the use of oil for internal lubrication is apt to result in hot 
or slipped eccentrics, broken eccentrics, eccentric straps, 
links, transmission bars, rockers, valve stems, and connection 
pins, and aside from the increased machine friction, the per- 
formance of the engine is affected. Hard-running valves 
cause a derangement in steam distribution, and worn packing 
in valve chambers or at rods causes a loss due to leakage. 

With the slide-valve locomotive there is not so much 
danger of these troubles, as the jar of the reverse lever at- 
tracts attention to the fact that oil is needed and the engine- 
man will see that the valves are properly lubricated. \\'ith 
piston-valve locomotives the internal lubrication may be 
much below the reqpired amount without any indication 
from the reverse lever, and the cause of the trouble may 
operate a long time before being discovered ; in other words, 
the engineer on a slide-valve engine, even on a small allow- 
ance of oil, is more apt to keep the valves supplied with 
enough oil to prevent hard service to the machine, while 
with piston-valve engines he does not have this indication 
that the valves need oil, and no one knows that the parts 
have been running too dry until trouble comes through heated 
bearings and worn or broken parts. 

Your committee feels that for internal lubrication, 70 
miles per pint for large freight locomotives and 80 miles per 
pint for large passenger locomotives seems to be the amount 
needed to lubricate properly. The amount for each class 
depends upon the speed at which the locomotive is running ; 
in bad water districts the oil allowance should be increased 
about 25 per cent. 

External Lubrication. — The use of grease on crank pins 
and driving axles seems to offer the best solution of how 
to decrease the cost of external lubrication and at the same 
time secure the best results. The committee report of last 
year gave some experiences with 203 locomotives, showing 
that grease as a lubricant, gave results about as follows : — 

(a) Reduces engine failures due to heated journals and 
pins. 

(b) Reduces cost of lubrication. 

(c) Reduces cost of labour incident to inspection, clean- 
ing and renewal of lubrication packing. 

(d) Reduces delays incident to oiling. 

(e) Reduces cut journals incident to oil lubrication. 

(f) Possibly produces a slight increase in machine fric- 
tion. 

In reference to the cost of external lubrication as com- 
pared with that of, say, four years ago, your committee 
believes that the cost per square inch lubricated, or per pound 
carried, is less with the use of hard grease than when oil 
was in general use. 

The consideration of sight-feed lubricators versus pumps 
for internal lubrication. — Your committee is of the opinion 
that a well-designed sight-feed lubricator, having pipe con- 
nections suitably arranged to deliver the oil in the most direct 
way to the parts needing it, will under present conditions do 
the work properly. On superheated locomotives it is, we 
believe, generally conceded that there should be one pipe 
from the lubricator leading direct to the cylinders and at- 
tached to separate plugs near the centre, so that the oil fed 
from the lubricator for the cylinder may be properly dis- 
tributed. The question of location of plugs in the steam 
chest is one point on which we find considerable difference 
of opinion; one member of your committee, who has had 
considerable experience with superheated steam, favours put- 
ting the steam chest plugs at the end of the valve chest in 
preference to attaching the oil pipe to the centre of the chest 



and letting the oil be carried by the steam to the parts where 
needed ; and your committee as a whole believes that the 
question of Uxating steam chest connections is one that can 
be left open, and, therefore, do not care to make any re- 
commendations. 



Crewe; London and North Western Railway. 

(Cofu/iidrd ffom pagt 102) 
111. Tranship .Shed. 

Not the least interesting feature of the yards at Crewe is 
the Tranship Shed and the work done therein. It is a u ell- 
known fact that the bulk of the goods traffic on British rail- 
ways consists of small consignments, and consequently the 
bulk of the wagons carry only small loads. The purpose of 
the Tranship .Shed at Crewe is to act as a centre for the L. 
and North Western R., where small loads may be sent, 
which are there unshipped, and whence full wagons with 
complete loads of small consignments from all over the sys- 
tem are despatchc»d to every point. 

A plan of th'* Tranship .Shed is given in fig. 8, and in 
fig. 9 is a view of the interior, looking north. There are 
four decks similar to those seen in the illustration, which 
shows No. 2 deck, and there are seven roads through the 
shed. The offices are on the west side the bottom of fig. 8 
and each nwid holds f(y wagons except No. 7— the most 
easterly- which holds 18 wagons. Communi< ation is given 
between the decks by two pairs of gangways, which are 
balanced and rise and fall freely. At each end of the shed 
there arc signals that are coupled to the gangways, and 
which go to danger when the gangways are across the lines. 
Kach deck is apportioned out to different purposes, and space 
is allotted out to traffic for certain points. These are known 
by numbers and names. For instance, as seen in fig. 9, 
Derby. Mid. is 88, Aberystwith, Cam. is 89 and Machynlleth 
is 90. Consignments, then, for these places are placed in the 
space under the numbers, and at the proper time a wagon is 
put into position to reieixe the goods for these places. 

There are over 200 of these berths and practically every 
town of importance in the United Kingdom is provided for, 
and an alphabetical index is kept of these showing how con- 
signments are sent — whether direct or to some junction 
point. For instance, goods for Tipton are placed on berth 
No. ()0 for Tipton, those for Torquay are sent to Exeter — 
berth No. 99 — whilst Thrapstone in Northamptonshire is 
served by the Peterboro' road van from berth No. 181. This 
latter item leads to the remark that every station on the L. 
and N.W. R. is served from Crewe, the smaller ones being 
supplied by road vans. There are from 250 to 300 stations 
served direct each day. and 519 stations are served by road 
vans. The road vans are worked to a regular programme 
daily, both to and from Crewe. That for Peterboro' takes 
the traffic for Billing, Castle Ashby. W'ellingboro', Ditch- 
ford, Higham Ferrers, Ringstead, Thrapstone, Thorpe Barn- 
well, Oundle, Elton, Wansford and Overton. It leaves the 
Tranship Shed for Basford Hall sidings at 7 p.m. and the 
Sorting Sidings for Rugby at 9.50 p.m., Rugby for North- 
ampton at 2.10 a.m., and Northampton for Peterboro' at 
7.30 a.m., leaving goods at each of the .stations just named. 
Another example is Blackburn, which leaves the Tranship 
Shed at 12 midnight for Basford Hall, and thence at 4.50 
a.m. for Wigan, and Wigan for Blackburn at 7.35 a.m., 
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supplying all the stations on the Lancashire Union line be- 
tween Wigan and Blackburn. There are 48 such road vans, 
and a time-table is drawn up as to the hour at which the 
wagons and road vans arc to be drawn from the Shed, the 
times they are to leave for Basford Hall Sidings, and the 
trains to which they are to be attached. 

The transfer of consignments is, of course, regulated by, 
and checked with, the invoices. These come by passenger 
train to Crewe Station or on the wagons, whence they are 
taken to the office and there impressed with a rubber stamp. 
They pass then to the markers, who mark thereon the No. 
of the berth and the No. of the road. For instance, Builth 
Road would be marked^/ $ signifying No. 28 berth on No. i 
road. The markers are very quick at this. They have the 
assistance of the alphabetical index already referred to, but 
the writer noticed that they never referred to it, but put all 
the numbers on from memory. When this has been done 
the invoices for each wagon are put together and placed in 
a pigeon-hole until the wagon has to be unloaded. It will 
be readily appreciated how much more easy it is for a man 
to find a number than a name, and consequently how much 
quicker the work is done. The unloading and loading of 
each wagon is superintended by a checker, and each checker 
on coming on duty is handed two forms, for which he has 
to s'gn. These are headed as follows, the ** Loading List'* 
being on white paper and the "Unloading List'* on yellow 
paper : — 



On the loading list the checker enters particulars of the 
wagons he loads and of those he unloads on the unloading 
list. The letter *'P*' in the last column on the loading 
list is for a description of the wagon used. They are divided 
into piped vans, vans, 4 plank, 2 plank, and i plank, and 
this information assists in seeing that the best use is made 
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Fig. 8. 
of the different classes of stock. On the back of each sheet 
the checker gives the names of the men that assist him, their 
check numbers, and a total of the weight they have deal} 
with and the bonus due to them. ■ 

When a wagon has to be unloaded the checker goes to 
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the office for the invoices, and having signed for ihcin he 
gfoes with his gang to the wagon. In each unloading gang 
there are seven men — the checker, a ** turner-out," a *'caller- 
off,** and 4 truckmen. The **turner-out'* stands in the 
wagon and puts the goods on the stage. The "calkr-oiit" 
reads the address to the checker, who checks the invoice and 
calls put from the invoice the berth and road number put on 
by the *' marker,*' which the **cailer-on" endorses on the 
label, and then one of the truckmen wheels the consignment 
to the designated berth. 

The checker then puts the weight of the goods unloaded 
on his list and takes the invoices back to the oflice, where 
the weight is checked, and then the invoices are sorted on to 
numbered spikes — a spike for each berth, the invoice of 
the consignment for Builth Road being put on No. j8 spike. 
Thus as the load of the wagon accumulates so its invoices 
accumulate" on the corresponding spike in the office. 

Loading and unloading go on continuously and simul- 
taneously. Only three men are in a gang for loading a 
checker, a **caller-ofT," and a *Moader.*' The *'caIler-off" 
sorts the consignments out, putting the heaviest at the bot- 
tom, calls oiit the addresses, which the checker checks, and 
the loader places them in the wagon. The checker then 
, marks the wagon number on the invoices, and the latter — 
which the checker has had to sign for — are returned to the 



prr i^nny, jut 10 hours clay. 
Chockor 

Callers off 

I nloacler 

4 Truckers 



oflice, where the weight claimed by the checker Ls tested and 
the invoices are then dealt with in the usual way. 

One of the features that have made the Tranship Shed so 
successful is the payment of a bonus to the men. This is as 
follows : 

Loadini^ Gatif^s. — 5(J. per ton on all weights loaded in excess of 23 
tuns per gang^ per 10 hours day. To be apjxirtioned as under, viz. : — 

Cherker 2d. per Ion. 

Caller off i^d. per ton. 

Loader lid. per ion. 

I'liloaditif; GntiQS.— <)(.{. per ton on all weights unloaded in excess of 
42 Luis prr gan}» per 10 hours day. To be apportioned as under, vix. : — 

2d. per ton. 

ijd. per ton. 

ijd. per ton. 

id. each per ton 

Conditions. 

1. Kach checker will be responsible for keeping a correct record of 
the weight h** and his gang deal with each day on his unloading and 
lo.'Kling lists, lie must also show on the back thereof the names and 
check numbers of the men forming his gang or gangs, and the hours 
made by r;irh man. 

Weight checUers will be appointed to test the accuracy of the weights 
and other particulars entered by the checkers on their work slips, and 
anv (lisrrepjmi ies detected will be reported and registered against the 
persons to blame. 

2. No credit must be taken by either unloading or loading checker 
for the weight i)f any goods left on wagons by the former to be ** made 
up." 

\. In the event of any man attached to an unloading gang failing 
to turn up to duly at the proper time, it will b-^ in the discretion of the 
fnr -man to either put on another man in his place, or work the gnng 
shorthandcd ; but in the latter case the minimum weight of 43 tons per 
g.mg will be proportionately reduced, for instance, a six-handed ganir 
will only be required to unload 36 '*^"^ b^'f* re becoming eligible for bonu^. 
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Fig. ic. 

In every case where a gang is shorlhanded, I he rherkrr must, as 
soon as possible, en(er the names of ihe men ac'ualy workinjj on his 
slip and get the weight checker or foreman to certify it as correct, other- 
wise he will not be allowed any reduction in the minimum day's weght 
for a full-handed gang. 

4. Where the regular unloading gangs are split up ft r a time, and 
put to loading, as, for instance, between 6 p.m. and supper t!me, they 
will be paid for the time occupied in loadng at the rale of 5d. per gani; 
per ton on the weght dealt with over the proportionate part t.f 23 tons 
for 10 hours, and similarly at qd. per ton per seven-handed gang, for 
the time spent in unloading, for example. 

A gang loading for four hours, and then turning to unloading f( r 
the remaining six hours, would receive bonus on any weight loaded in 
excess of q tons 2 cwts., and on any weights unloaded in excess of 25 
tons 2 cwts. 

5. For ordinary time purposes the rule will be as at present, viz., 
(yo hours to form a week's work; but the bonus additions will be cal- 
culali*d at the end of each day and posted on the notice board the next 
morning for the information of the staff. The whole of the amounts 
thus earned will be added to the wages of the men concerned, at the 
end of the week. 

6. When working overtime, bonus will be paid as under, in addition 
to the ordinary time, and overtime wages, viz. : — 

Unloading Gangs. — qd. per ton per 7-handed gang, on all weights 
unloaded in excess of 4 tons 4 cwts. per hour. 
Loading Gangs. — 5d. per ton per 3-handed 
gang on all weights loaded in excess of 2 tons 
6 cwts per hour. 

The effect this has on the men very 
much struck the writer, a.s it was all 
hurry and bustle, with all hands work- 
ing and no drones, and yet all is done 
**decently and in order.** 

The day-shift— () a.m. to 5.45 p.m. 
— consists of 12 unloading and 25 load- 
ing gangs, and the night-shift — 6 p.m. 
to 5.45 a.m.- of 9 unloading and 18 
loading gangs, and the number of men 
employed varies from 350 to 450, 
according to the traffic. The super- 
vision of the work is done by the fol- 
lowing staff : — 

2 Yard foremen (one day, one night) 
for outside operations. 

4 **Striking*' foremen (two day, two 
night), unloading. 

I Loading foreman (9 a.m. to 9 
p.m.), loading. 



2 Shed foremen (one day, one night), 
regulating traffic and staff. 

I Stage inspector, detecting irregu- 
larities. 

1 Loading inspector (9 a.m. to 9 
p.m.), watching and economising load- 
ing. 

2 Sorting olTice foremen (one day, 
one night), invoices. 

2 Chief In.spectors (one day, one 
"*g^^0» general charge, whilst Mr. 
Fred. W. West is the agent and in 
charge. 

F3very inspector and foreman keeps 
a journal, in which he records his day's 
work and notes any irregularities and 
difficulties. These after being com- 
mented on by the chief inspector arc 
seen firi^t thing each morning by the 
agent. 

Another noteworthy feature is the 
record made every hour, day and night, 
in the agent's and invoice ofFccs of the number of wagons 
on hand in the Shed and at the Sorting Sidings. 

The principal economies effected by concentrating the 
tranship goods at Crewe are as under, viz. :— 

(a) Acrelcration of the cross-country goods by more 
direct loading. 

(b) Saving in wagon user by raising the average loading 
weight per wagon, and concentrating the traffic from and 
for so many different stations at one place. 

(c) Reduction of mileage charges upon other companies* 
stock by turning it back home at Crewe instead of allowing 
it to travel forward to more distant points, as it used to do 
m many cases before the concentration .scheme was intro- 
duced. 

(i1) Relief of large stations, which formerly had to deal 
with many of the tranships with their important town goods. 



Fig. II. 
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What the results are may be appreciated by the following" 
statistics : — 

Traffic dealt with, and some economies effected, since the 
opening of the Shed in July, 1901, for six months ending 
June, 1907. 

Traffic, 
i-ycar Average per 

Jane Transfers. Other Traffic Total. month 

1901 73.139 '6»949 90.088 15.0*5 

1902 ... 109,243 18,906 128,149 21,358 

1903 ... 127,777 18,928 14^705 24,451 

1904 ... 125,476 19,615 145.09* 24,182 

1905 ... 132,380 19.9^ 152,3^ 25,393 

Partially 
Handled. handled. 

1906 ... 128,699 31,55^ 1^^.255 26,709 

1907 • ... 130,425 29,752 160,177 26,696 

Notes. 
(i.) The 1901 figures represent the months August to 
December. The Shed opened on July ist, 1901. 

(2.) During 1903 many weights of over one ton were 
sent for transfer, thus unduly inflating the figures. 

(3.) The weights for 1906 and 1907 are divided under 
the heads of ** Handled " and ** Partially Handled " in order 
to more correctly show the relations between the traffic fully 
dealt with by the staff, and the expenses. 
Number of Wagons Used, and Average Weight of Loads. 
Received Loaded. Loaded Outwards. 

Number of Average Number Average 

(•year wagons. Tons. load of wgs. Tons. load. 

June. T. C. T. C. 

1901 55.896 77.150 I 7 48.623 73.981 I 10 

1902 74,283 114,858 I II 73,686 111,944 1 lo 

1903 71.730 133.961 I 17 70,043 i3i.95i I 18 

1904 66,695 '3^993 I 19 61,702 127,698 2 I 

1905 67,857 138,781 2 I 57.404 129.940 2 5 

1906 68,928 144,049 2 2 54,840 132,516 2 8 

1907 69,914 142,387 2 I 54.410 136,315 2 10 
If the general average of 1901, viz., i ton 10 cwt., had 

been maintained it would have required 36,466 more wagons 
to convey traffic from Crewe during the half-year ending 
June, 1907. 

Foreign Wagons, 

Received. Loaded. Sent out empty. 

1903 20,697 ... 19,091 ... 1,606 

"904 19.121 ... 17,302 ... 1,819 

1905 20,488 ... 16,912 .. 3,576* 

1906 19,201 ... 12,663 ... 6,538* 

1907 19.169 ... 12,583 ... 6,586* 

* More local wagons loaded to foreign stations in 1905, 
1906, 1907 to earn mileage. 

L. and N, W, Wagons Earning Mileage, 

Six njonths ending June, 1907 ... 5,069 wagons. 

No. of Packages and Consignments dealt with Half-Year 

ending June, igoj. 

Daily 
Number, average 
Packages (averaged upon a weekly test) 3,620,916 23,211 
Consignments (averaged upon a weekly 

test) 1,082,952 6,942 

Consignments on hand at close of work 

each day 7o,575 452 

Consignments delayed one day at Crewe '.53' 9 

Packages unaddressed and unidentified at 
close of work each day ... ... 760 4 



Wagons Left Underload, Exclusive of Bank Holidays, 

Average 
Wagons, per day. 

Six months ending June, 1907 ... 570 ... 3 

The wagons for transhipment are received from the Mar- 
shalling Sidings and placed in No. 9 siding, which is on the 
east side of the shed. This siding is that on the extreme 
right of f}g, 10, and on which wagons are seen going to the 
shed. In all ca.ses the shed is fed from the north end, and 
wagons arc placed in position by electric capstans. The 
cranes in the shed are electrically operated. 

The Tranship Shed also serves as the Goods Station or 
Dep6t for Crewe Town, and in fig. 1 1 the delivery vans arc 
seen being loaded and unloaded. 

IV, Underground Coods Lines, 

One important point to be achieved in any scheme for re- 
lieving the traffic conditions that used to exist at Crewe was 
to separate the lines for goods trains from those for pas- 
senger trains. Not only had the trains from South to North 
and vice versA to get through the station, but all trains for 
Manchester and Yorkshire had to cross the lines from 
Chester and Liverpool and those for Liverpool and the North 
had to cross the Chester lines. 

By the construction of the underground lines not only 
have the goods trains been taken out of the station, but the 
traffic is separated and there is no crossing. 
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Fig. 12. 

As has already been said, there are four lines of way 
between Sorting Sidings North and Salop Goods Junction. 
There are two up lines on the east side and two down lines 
on the west. At Salop Goods Junction two lines come in 
from Gresty Lane, and all six lines, by suitable junctions, 
form two goods lines for Chester, two for Liverpool and two 
for Manchester. The Chester lines are on the east side, and 
they join the main Chester lines near the North Junction 
box. The Manchester lines come next, and these fall towards 
the main line and pass under the Chester and Liverpool lines 
by a double line tunnel, 415 yards in length, which emerges 
on the east side, and the two goods lines run parallel with 
the Manchester main lines up to Sidney Bridge Junction, 
whence there arc four lines of way — tw.o fast and two slow. 
The Liverpool lines arc similarly depressed, and enter two 
single line tunnels, one 322 and one 291 yards long, and the 
down line emerges on the North side of the Chester lines 
and joins the down fast Liverpool line at the Coal Yard box. 
The up goods line tunnel passes under the Liverpool lines 
also, and emerges to the east of them and joins the up slow 
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line at Coal Yard box. From Coal Yard box the four lines 
— two fast and two slow — continue for a distance of about 
2I miles to Coppenhall junction, where the four lines again 
converge into two. 

Fig. 12 illustrates a cross section of the two-way tunnel 
and fig. 13 shows the entrances at the south end. The 
greater part of the work was **cut and cover.** 



Recent Patents relating to Railways. 

Thkse abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of the specifications can be obtained 
at an uniform price of Sd. each. 

Point and Switch Mechanism. 17,699- 2nd 
August , 1907, A, G. Kershaw and Saxby and Farmer^ 
Limitedj 5J, Victoria Street, Westminster, 
This invention relates to shunting levers which are so con- 
structed that, whether the points be operated by hand or 
trailed through by a vehicle, it is impossible for them to 
remain in a centre or mid position. According to the present 
improvement the operating hand lever is arranged to auto- 
matically return to a normal vertical position when the 
operator releases his hold of it, and is not moved when the 







points are trailed. A weighted lever 3 is pivotted to the 
base I at 2 and connected by links 5, 6 with one arm of a 
crank 7, connected with the operating rod 9 of the points. 



The lower end of the link or lever 5 carries a friction roller 
10 adapted to roll on a path 11 on the base i, having its 
highest point 14 in the middle. The lever 5 has formed on it 
two side extensions 15, 16 provided respectively with lugs 
or outstanding projections 17, 18 having faces 17*, 17*^, 
18*, 18** adapted to be engaged by a hand lever 19 pivotally 
mounted on the same centre or pivot as the lever 5. The 
lower end or tail of the lever 19 has connected to it a suitable 
weight for the purpose of automatically returning it when 
released by the operator to a central position and for holding 
it there when the points are trailed through. As shown in 
the drawings, the tail of the lever 19 is formed with a foot 
or offset portion 20 pivotally connected to the upper end of a 
link 21. The lower end of the said link 21 is pivotted at 22 
on a lever 23 itself pivotally mounted at one end, 24, on the 
base casting i. The other end of the lever 23 is provided 
with a weight 25. On the lever 19 being pulled in a direction 
towards the right in i\g. i it acts on the faces 17* and 18^ 
and turns the lever 5 about its pivot, giving a pull on the 
crank 7 and rod 9 and moving the points. At the same time 
the roller 10 travels up the part 12 of the roller path 11, 
raising the weighted lever 3 and the parts mounted on it and 
passing over the raised centre or point 14 travels down the 
sloping surface 13, the weight 4 on the lever 3 acting to 
ensure the completion of the travel of the roller down the 
path and also completing the movement of the points. The 
movement of the lever 19 also gives a pull on the link 21 
which raises the weighted lever 2^. As soon as the roller 10 
begins to travel down the part 13 of the roller path and to 
permit the weighted lever 4 and connected parts to fall the 
operator releases his hold on lever 19 and the action of the 
weighted lever 23 through the link 21 on the foot 20 of lever 
19 immediately returns the lever to a vertical position. In 
this position of the parts the faces 17^ and i8* will be in 
engagement with the lever 19, and on the lever being pulled 
in a direction towards the left in fig. i a similar cycle of 
operations takes place. When the points are trailed through 
motion is given to the rod 9, crank 7, link 6 and lever 5, 
causing the roller 10 to travel up the path 1 1 and over the 
centre and thus ensure the complete movement of the points 
in the same manner as if the lever 19 were operated by hand. 
(Accepted 5//1 December , 190J.) 

Anti-Friction Supports for Point Rods. i6,j68. 
jOth July, 1907. A. G. Kershaw and Saxby and Farmer, 
Limited, 5J, I'ictoria Street, Westminster. 

This support is intended for guiding point or similar rod- 
ding, and comprises a top travelling roller 4 running in slots 
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2 in the side standards and a bottom swinging and travel- 
ling roller 5. The bottom travelling roller 5 is provided with 
a pin or axle 6 which works in curved paths or slots formed 
in the hangers or stirrups 8. These stirrups 8 are supported 





fin^My fitft^fv*' tSSBf^j 



by the rod 9, and are kept apart, or in position, by the 
tubular spacing pieces or ferrules 10. Intermediate shelves 
14, supported on the rods 9 and rods 13, are provided with 
slots 15 for the bearing pins of the top travelling rollers. 
(Accepted 5th December^ 1907.) 

Pulleys for Signal Wires. 1,481, 21st January, 
itfor. L. W, Williams, O, K, Williams, and I), J). 
Williams, Railway Appliances Works, Cathcart, Renfrew, 
This invention consists in forming the housings or frames of 
the pulleys of steel or other wire so bent into shape as to 



carry the pin or bolt on which the pulley revolves. The wire 
is also suitably coiled to form an eye for the fixing nail or 
fastening. (Accepted 12th December, 1907,) 

Refrigerating Apparatus for Vehicles. 4^734- 26th 
February, 1907, Date claimed under Patents Act, 1901, 6th 
March, igo6. The International Railway Company, Ltd,y 
110, Cannon Street, London, 

This invention relates to refrigerating apparatus in which 
liquefied gas in a receiver is vaporized and reliqueficd with 
the aid of a pump in a second receiver, the functions of the 
two receivers being periodically reversed. According to this 
invention the fluid which aids in reliquefying the gas and 
which is circulated by means of a pump driven by the vehicle, 
is circulated around that container only which is reliquefying 
the gas. A bent pipe or worm i which is immersed in a tank 
of water 2 is for example that which is filled with liquefied 
gas. This gas passing through the expansion valve 3 and 



cock 4 vaporizes in the refrigerating coil 5 and lowers the 
temperature of the interior of the vehicle. One or several 
self-regulating thermometers may be employed in connection 
with the expansion valve to maintain the temperature of the 
vehicle bet-ween definite limits. On its exit from the coil 5 
the gas passes through the cock 6 placed in a position such 
that the gas can pass by the pipes 7, 8 and be sucked in by 
the compressor 9 driven by the axle 10 of the \ehicle and 
which recompresses this gas, through the pipe 1 1 , cock 1 2 
and pipe 13 in the worm 14 placed in the water tank 15. 
The gas is liquefied as fast as it comes into the worm 14. 
When the worm i is empty the worm 14 is full. The functions 
of the worms i and 14 arc then reversed by the operation of 
the cocks 4, 6 and 12. The gas liquefied in 14 expands 
through the expansion valve 16, cock 6, refrigerating coil 5, 
cock 4 and pipes 17, 8 and is recompressed by the compresser 
9 through the pipe 11, cock 12 and pipe 18 in the worm i, 
where it liquefies. The water in the tank in which the gas is 
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liquefied is put into circulation by the pump 19 through the 
pipe 20 and radiator 21, where it is cooled. From there it is 
circulated through the cock 2}^ and one of the pipes 24 or 25 
into the tank where the gas is being liquefied, then by one 
of the pipes 26 or 27 through the tank 28 round the coil 29, 
where the gas commences to cool, then by 30 round the com- 
presser 9 and from there by 31 to a water tank 32 and returns 
to the circulating pump 19. The turning of the cock 12 takes 
place simultaneously with that of the other cocks so as to 
put the cooling water into circulation in the tank 2 
or 15 which contains the worm in which the gas is liquefying. 
(Accepted 14th November, igoy,) 

Sliding Doors for Wagons or Vans. 4,150, igth 
February, iijo7, J, P, Crouch, Ely House, Ne7vton Heath, 
Manchester, 

According to this invention the doorways on each side of a 
covered wagon or van are adapted to be closed by sliding 
doors and the cant rails, which normally extend along the 
roof and across the side openings and are necessary to sup- 
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port the guides or upper parts of sliding doors, are each 
adapted to be moved out of the way so that the roof openings 
and the doorways themselves can be uncovered or opened 
and freed from obstruction even when the wagon is close 
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alongside pillars, or goods lying on stages or in warehouses. 
The sliding door b is furnished at the bottom with rollers c 
running on a fixed rail J, the top of the door being guided in 
a groove e. At each side of the wagon is a doorway a adapted 
to be closed by a sliding door b which at the bottom is fur- 
nished with rollers c running on a fixed rail d ; the top of the 
door extends into a guide groove e which is formed by a bar / 
and cover plate ^ fixed to the cant rail h of the wagon. The 
rail <i, which is of angle section, is secured to the corres- 
ponding outer longitudinal member or side rail k of the 
wagon floor by bolts m, distance pieces n being interposed 
between the rail and the floor member k so that the inner of 
the door bearing plates 1 of the rollers c extend between the 
angle bar d and the side rail k and thereby limit outward 
movement of the door b. That part of the cant rail h and its 
attached door guide / — g over each doorway a is hinged at o 
to a fixed bracket o^, and is arranged to be held in its hori- 
zontal or operative position by a pin p that is passed through 
a hole in the free end of the pivoted portion of the 
cant rail and through corresponding holes in fixed 
lugs q between which such free end is then located. At each 
doorway a the roof of the wagon is formed with an opening 
a* of corresponding width and extending from the cant rail h 
to the ridge beam r so that when the hinged portions of the 
cant rails are lovv^ered a clear opening the width of the door- 
ways is provided right across the wagon with the exception 
of the ridge beam r at the middle. Each hinged portion of 
the cant rail may be held in its lowered or inoperative position 
by the pin p passed through the hole in its free end and 
through corresponding holes in lugs t which are fixed to a 
side member of the doorway and between which such end 
portion is then placed. A tarpaulin roof cover is secured at 
the middle of the wagon and arranged to fold down over the 
openings o*. (Accepted yth November ^ igoy.) 

Spark Arresters, yui. loth January^ igoy, E, F. S. 
Notter, §06, Caledonian Ready London^ N. 
This spark arrester is made in two halves, each built up with 
flat blades or plates a made in semi-circular or semi-annular 
form, which are arranged horizontally, one above the other, 
into a structure resembling a half cylinder, the blades being 
secured together at the desired distance apart by bolts b pass- 
ing through holes in the several blades a and through washer- 
like distance pieces c located between them. The bolts b may 
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also extend through the perforated bottom plate or disc e, 
and this plate and the uppermost plate a are formed with lugs 
or ears / whereby the two parts of the structure can be 
readily secured together by bolts j^. The perforated bottom 
plate e is cut away at c^ to clear the flanges h of the pipe /, 
and also at ^ to clear the perforations of the ring or rose /^ 
Clamps fc, fe are ^y.i:i\ to the top blade, whereby the structure 
may !)e attached to the lower part of the chimney m. 
(Accepicd jStli Novcmbcvy igoy,) 



Bogies. iSy$g2. i6th August^ igc/, G, H. Sheffield, 
I*;, New Bridge Street, Newcastle-on-Tyne, and /. D. Twin- 
berrow, i, IVoodside, Hexham, 

1 his invention consists in an arrangement of the parts of a 
four-wheeled bogie whereby the length of the wheel base may 
be increased without involving a proportionate increase of 
the bending moments on the frames, the form and disposition 
of the bracing between the frames may be improved, and an 
improved form of brake rigging may be accommodated. The 
side frames a are made of greater depth than is usual, with 
upper and lower edges, parallel for the greater part of the 
length, stiff"ened by flanges b pressed from the plate or 
riveted to place, cutting of the material to waste — for the 
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purpose of giving an irregular outline or forming holes for 
reducing weight — being thereby avoided. The bogie frames 
a are transversely connected, near the centre, by means of 
four cross bearers c, c — d, d, instead of two, as formerly 
employed. The inner pair d, d are of less depth, and are 
fitted with facing pieces e, and guides for the bolster. Owing 
to the support afforded by the improved bracing, facing 
pieces can be fitted to the bearers at the middle of their 
length to take the fore and aft thrust directly to or from 
the central pivot. The outer cross bearers c, c are made 
nearly as deep as the side frames a, and their upper flanges 
are connected to those of the inner cross bearers d, d by 
means of an horizontal plate or bracing /, which is also pro- 
vided with flanges g to unite each of its sides to the side 
frames a. The lower flanges of the deep cross bearers c and 
of the side frames a are united by diagonal bracing h. In 
the case of motor bogies the cross bearers c, d are con- 
nected in pairs by means of diaphragms or gussets i dis- 
posed longitudinally and arranged to stiff"en the outer cross 
bearers c immediately at the back of the bracket arranged 
to support the nose of each motor. The space between the 
outer cross bearers c and each headstock k is then available 
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for the reception of the motor and its gearing. When it is 
not necessary to provide space for machinery, the outer cross 
bearers c and the upper flange bracing arc constructed in 
lighter fashion, as shown in the right hand half of fig. 2, 
that is to say, the bearers c are connected to the headstock 
k fey m^ans of bracing / in the form of the letter A, thus 
j3roviding for the suspension of central brake rigging. Each 
leg of the brace is connected by means of a gusset plate m to 
the cross bearers c, d and to the side frame a, the plate thus 
stiffened forming a suitable attachment for the support of 
brake blocks. Owing to the special construction of bogie 
described, it is convenient to arrange vertical levers n at 
each side between the outer and inner transoms, each pair 
of levers ti having their fulcrums pivoted on a cross beam or 
shaft o, which also carries at each end a push rod or pair of 
push rods p, acting upon the inner brake block q of each 
tyre r. The lower extremity a* of each vertical lever n is 
connected by a pull rod / to the end of a similar vertical lever 
V pivoted near the end of a cross beam or shaft u\ each end 
of which carries a brake block x to act on the outer face of 
each tyre r. The upper ends of the levers v are connected by 
pull rods y to links c, which latter are also connected to one 
pair of levers r?, and by means of rods 2 to a yoke 3, upon 
which the main central pull rod 4 acts. A laminated bearing 
spring 5 is employed for each axle box, having hangers, pre- 
ferably with auxiliary springs bearing against brackets 6, 
the inner pairs of which are arranged to support the hangers 
of an inverted spring 7 at each side. The buckles 8 of the 
latter springs are provided with spring links 9, supporting 
at their lower ends a bolster spring beam 10, which passes 
transversely beneath the main frames at the centre. The 
buckles 8 arc so guided as to be capable only of vertical 
movement with respect to the frames. (Accepted igth 
December^ jgoy.) 

Draught Excluder for Carriage Windows, 2^,02'^. 
18th Ociobety igo'j. F. IV. lieresford, of James Beresford 
and Sons^ Cato Street IVorhSy Birmitif^haw, 
The sash is fitted with a device I) which acts as an anti- 
vibrator and draught excluder. Such device comprises two 
hinged strips dy J^, the former being drilled with a set of 
holes for receiving screws or other means for securing it in 
the desired position, while the latter is bent over slightly at 
the edge for forming a surface for bearing against the 
window. At each end of the flap d^ are small rubbing pieces 
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d* bearing against the side edges of the window. These rub- 
bing pieces may be made of rubber or other material suitable 
for absorbing shock and preventing scratchings of the wood- 
work forming the side edges of the window. The flap device 
D is arranged on the inside of the garnish rail G of the door 
as shown at fig. i, with its bent over flap d^ bearing against 
the window \V. When the window is raised and over the 



fence w^ the flap d^ is firmly pressed against the lower edge 
of the window, thus closing the aperture at the top of the 
window recess g^ in the door. As the window is lifted off 
the fence w^ and lowered or partially opened, as at fig. 2, 
the flap J^ bears against the side of the window and keeps 
the same against its guides, thus preventing annoying rattle 
and noise caused by the vibration of the window during motion. 
(Accepted igth December, tgoj,) 

Rail Chair. iS.gjj.. 22nd August ^ 1907. S. Wheel- 
housey 60, Wood End, Hcbden Bridge^ Yorkshire, 
The chair is formed with two fixed jaws A u(X>n each side 
and a pivotted jaw C between them. When inserting a rail 
the loose jaws are turned bark ufX)n their pivots, until 
arrested by the stops or projections K. Upon placing the 
rail in the chair it is lowered between the fixed jaws A, and 
coming in contact with a projecting heel or wing J of each 
loose jaw C, automatically tilts the latter forward until they 
come in contact with the sides of the rail. The wings J 
being now brought into position, serve as a support or bear- 




ing for the rail, which is also shared by the loose jaws, so 
that the more weight put upon the rail, and by the rail upon 
the wings J, the greater the nip or grip of the loose jaws 
upon the sides of the rail and the more rigid it becomes. The 
loose jaws C are secured in position after the insertion of the 
rail by cotters, pins, or bolts K passing through the fixed 
jaws A, A, and behind the loose jaws C; in this manner the 
rail is securely fixed within the chair. To prevent undue 
lineal movement of the rails and allow for expansion or con- 
traction of same, a stud L is formed upon one of the loose 
jaws, which, when the paws engage with the rails, fits 
within a similar recess M in the rail. (Accepted 12th 
December, igoy,) 

Shunting Levers. 7,200, 26th March^ igoy, 1, R. 
Peacock, 4j, Radford Boulevard, Nottingham, 

This shunting lever is intended to enable the points or 
switches to readjust themselves automatically in the event of 
an engine or train being run backwards through the points. 
A base plate A is fitted with a vertical spindle B, upon which 
turns a hollow pillar C having at its upper end a handle H 
hinged thereto at D by pin E. This handle when not in usg 
hangs down out of the way, but when the shunting lever 
has to be operated it is raised to a horizontal position. Near 
the bottom of the pillar C is a lever F, to which is pivotted 
one end of the point rod G, the other end of same being con- 
nected to the switch rails to be operated. An arm or stud T 
attached to or formed on pillar C works freely in a slot J 
formed in the upper end of the bell-crank lever L, which rn 
turn is fulcrummcd by the axle K from the bearings M M. 
The other end of the bell-crank lever L has a balance weight 
N, formed sufficiently heavy to retain the switch rails in one 
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normal position, but capable of allowing them to be opened 
without damage, should a train or the like be run back- 
wards through the points. VV^hen it is required to reverse 
the switch, the pointsman lifts the handle H to the horizontal 
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bars 5 of the underf rame are suspended by straps 1 1 from the 
ends of the truck of the short longitudinal girders 12, as 
shown in fig. 5. (Accepted 28th November , igoy,) 

Brakes. 28,206. 12th December y igo6. A, W, 
Malcy, 7, Harehilhy Leeds. 

This invention consists in employing with the usual brake 
blocks I, acting upon the track, an auxiliary track block or 
blocks 2, 2', and causing the latter to be operated by the 
drag of the main blocks. The blocks 2, 2^ are connected by 
links J, j^ with the axle boxes or any convenient part of the 
car frame. Thrust rods 4, 4^ are also connected with the 
blocks 2, 2^ and to bent levers 6, 6\ which latter are pivotted 
at their upper ends to the main brackets 7, 7^, the latter 



position H% and by this handle partially rotates the 
pillar C, and with it the lever F ; this in 
turn actuates the point rod G and the switch 
rails connected to same, which are thus thereby reversed. 
{Accepted 12th December, jgoy.) 

Bogies or Trucks. 959. i^ih January, ^07. J. A. 
Panton, 42, Ashdale Road, Waterloo, Lancaster. 
In order to prevent distortion and lateral play of the truck or 
bogie frames of railway and tramway vehicles, a supplemen- 
tary underframe or bracing is applied to such frames. The 
frame or bracing i extends round the truck 2 and is disposed 
on the level of the lower extremities of the horn plates 3 to 
which it is attached. This underframe comprises two side 
bars 4 connecting the two inner horn plates on each side of a 
four-wheeled truck,^ and two end bars 5 disposed at the ends 
of the truck and connecting the outer horn plates on one side 
of the truck with the outer horn plates on the other side of the 
truck, these end rods 5; being bowed or curved outwards to 
pass in front of the wheels and so as to be well clear of the 
wheel flanges. The extremities of each pair of horn plates 




are connected by the usual bar 6, which is detachable for the 
purpose of removing the truck from its wheels. Diagonal 
cross stays 7 extend from one side of the underframe to the 
other, the extremities of these stays being attached at 7* to 
the frame i close to the ends of the horn plates. Or trans- 
verse stays 8 may be employed in lieu of the diagonal stays 
as indicated by dotted lines in fig. 2. The inner horn plates 
of the truck are thus braced together by a rigid frame com- 
prising the side rods 4 and the diagonal cross stays 7 or 
transverse stays 8. Passing up each horn plate and attached 
thereto and to the bars 9 at the crowns of the horns are angle 
bars 10 which are preferably, in this type of underframe, 
integral continuations of the end bars 5 or the side bars 4, but 
may be separate angle bars if desired. The vertical bars 10 
serve therefore to rigidly connect the bars of the underframe 
J with the bars 9 above each pair of horn plates. The end 



being firmly bolted to the car frame. The lower ends of the 
bent levers 5, 6* are pivotted to the floating levers 5, 5', 
whose upper extremities are attached by pins to the common 
rod 9, and whose lower ends are pivotted to the telescope 
rods 10, 10^, which latter are attached to the main track- 
block. Tension springs 8, 8^, which extend from the hanger 
12 to the lower ends of the bent levers 6, 6^, serve through 
the bent levers and thrust rods to raise the auxiliary track- 
blocks from the rails when the brake is to be released. Stop 
brackets 11, 11^ limit the movement of the lower extremities 
of the floating levers 5, 5^ in an inward direction. 
(Accepied 12th December, igoy.) 

Electric Lighting of Trains. ^9y75S. 31st 
December, igo6. H. Leitner, Maybury, Woking, Surrey, 
Train lighting systems in which single coaches or groups of 
coaches have independent generating and storage equipment 
are so arranged according to this invention that each 
generating coach, whilst supplying the lamps of its own 
group, can also supply the lamps of the other groups without 
interfering with its own independent regulation. In the 
example illustrated the batteries e, e, e of the different 
groups a, b, c are connected by the connections ;, ; to a line 
or cable k, and with this arrangement it will be seen that 
the lamps g, g in cvrh of the three groups can be lit from 
any one or more of the generating plants of the groups 
which are mutually helpful. The line i in the two end groups 
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of coaches is doubled back upon itself in order to make up 
for line drop in the well-known manner. Resistances may be 
introduced into the connections / between the batteries and 
the line wire k in order to compensate against any excessive 
surging. The connections /, ; between the mains of the 
adjacent groups of coaches can, in cases where a system of 
through control from the guard's van for the whole of the 
lights throughout the train is employed, be advantageosuly 
made up in the same cable as that carrying the control wires. 
Or these connections may be carried in the cable consisting 
of the bell, telephone or like wires. (Accepted jist 
December y igc^.) 



Digitized by 



Google 



134 



The Railway Engineer. 



April, 1908. 



Electric Lighting of Trains. 27,211, jgth 
November, igo6, H. Leitner, Maybury, Woking, Surrey. 
This invention relates to a variable speed generator self- 
exciting in either direction of rotation, and capable of run- 
ning on open or closed circuit, furnishing the requisite volt- 
ages for charging a battery of accumulators and supplying 
simultaneously current for a lamp circuit. In conjunction 
with the main dynamo, whir h has a double wound double 
commutator armature represented at a, h, there is provided 
a small exciting dynamo J, e, running synchronously with 
the main dynamo and preferably mounted on the same shaft. 
The exciting dynamo d, e has a field of great remanence, and 
is furnished with main brushes /, g in a line at right angles 
to the line passing through the pole centres. The exciting 
dynamo is also provided with the subsidiary brushes /i, i in a 
plane at right angles to the main brushes /, ^, these sub- 
sidiary brushes h and i being connected to an adjustable cir- 
cuit or resistance, in this case in the form of a lamp circuit / 
which is of negative temperature co-efficient and of constant 
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value. This resistance ; balances the whole of the system 
and has connected up in parallel with it the shunt winding k 
which excites the field e of the subsidiary dynamo and is the 
only winding which is necessary in that field. The brushes 
/ and g excite the field c of the main dynamo by the wind- 
ing L Subsidiary brushes b^, b^ are in connection with the 
armature b, are connected by the resistance b^ and serve 
to compensate for variations in the battery charging cir- 
cuit. An automatic cut-in and cut-out switch o puts the 
battery m and lamp circuit n respectively in connection with 
the main circuit of the dynamo. The field c will be ex- 
cited by the winding / with diminishing voltage prc^or- 
tional to the speed at which the train is running. The 
lamps n are then supplied with current from the armature 
winding a and the battery m simultaneously charged from 
the armature 6, any excessive current being checked by the 
armature reaction set up through the adjustable resistance 
b^. When the train stops the switch o is automatically 
operated so as to disconnect the lamps n from the arma- 
ture winding a and the battery m from the armature 
winding b and to connect the lamps n with the battery m. 
(Accepted 2gth November, 1907.} 

COMPLETE SPECIFICATIONS ACCEPTED. 
1906. 

Signalling systems for railways and the like and apparatus 
British Thorn son -Houston Co. 
Systems of electric train lighting. Leitner. 
Electrical communication between guard and driver, warning 
them of the opening of doors whilst in transit. Crepin. 

27932A. Railway and tramway axle-boxes and the like. Demolder. 
Couplings for railway carriages. Wegner. 
Locomotives. Boult. 

Brakes for rolling stock of railways and tramways. Haley. 
Electrically-operated railway and like signals. Brown. 
Systems of electric train lighting. Leitner. 
1907. 
Automatic Couplings. Shailer and Sulley. 
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1481. Pulleys for carrying railway signal wires and like purpoJ)4^^< 
Williams, Williams and Williams. 

24^)8. Fog signalling apparatus. Deighton. 

^**73' Method and means for actuating elcctro-mt*chaiiicaJ fog 
signals for railways. Lowthian. 

5103- Apparatus for preventing accidents through cor\eft or the like 
railway or tramway vehicles breaking loose or running away cm in- 
clines. Hargreaves. 

6134. Signalling systems for railways and the like. BHli»h Thom- 
son-Houston ("o. 

t>262. Brake mechanism for tramway and like vehicles. Spem^r. 

7200. Mfans or appliances for operating railway and tramway point* 
and the like. Peacock. 

0437. Semaphore signals. Abernethy and Weiss, 

0438. Semaphore signals. Abernethy and Weiss. 
15013. Val\e-grar for loconiotiv*->. Lentz and Bellens. 

16368 Supporling guides or antifriction rollers for the uperalini; 
rods of railway switch points and the like. Kershaw, nnd Saxby and 
Farmer, Ltd. 

176QO. Apparatus for operating railway and like point* and switches. 
Krr.shaw, and Saxby and Farmer, Ltd. 

184Q8. Operative system for ebttric locomotives. Buhm. 

1 8501. Means for securing railway and other rails to sleepers. 
Hosking. 

18502. Bogies for railway vehicles. Sheftield and Twinberrow. 
18820. Railway couplings, Hopley, 

1^33* Railway chair, Whcelhouse. 

igi37. Railway rail-joints and supporting devices. Carroway and 
Crews. 

20103. Railway rail chairs. Marsh-ill and Penman. 

22618. Joints for railway and tramway rails. Whitaker and Whil- 
more. 

23027. Railway carriages and other windows. Bercsford. 

23983. Insulating end post for railway rail joints. Karns. 



Distribution of Current to Trains on Electric 
Railways.— v.* 

Single phase alternating currents are being introduced 
into railway work, and with considerable success, but the 
motors employed are the ordinary series wound continuous 
current motors, with special arrangements enabling them to 
be employed with single phase alternating currents, and to 
work efficiently with them. There is not space here to ex- 
plain the details of the construction of the single phase con- 
tinuous current motor, but it may be mentioned that the 
arrangement consists principally in tapping the coils of the 
armature, at points at the end of a diameter, connecting the 
tappings to insulated rings fixed on the armature shaft, 
against which collecting brushes bear, the apparatus then 
responding as a motor, either to continuous currents de- 
livered to the commutator, or to alternating currents de* 
livered to the insulated rings at the back. Further apparatus 
are added to the windings, enabling the motor to be work^ 
efficiently. One of the advantages of this arrangement that 
has been made use of in America is, the motors when fixed 
to locomotives, are enabled to work with single phase cur- 
rents, say on a railway inter-urban line, and to work with the 
ordinary continuous currents employed usually on ordinar>' 
urban railways. 

The electro magnetic induction that has been mentioned 
above leads to other serious matters in connection with the 
return current. Thus, if the iron rails were employed to 
carry the return currents only, the loss of power in the rails 
would be very heavy, owing to the induction creatc*d in the 
rails themselves by the alternating currents. Another 
peculiar feature in connection with alternating currents, when 
passing through solid conductors, is, the passage of the cur- 
rent is confined to the skin of the conductor, and this prac- 
tically means that the conductor itself is of smaller value 

*No. I. of this series appealed in the Kathvay En^irnfr, Augtut, 1907 ; 

No. II. in October, 1907 ; No. III. io December, 1907 j 

No. IV. in February, 1908. 



Digitized by 



Google 



April, 1908. 



The Railway Engineer. 



135 



than if it was carrying a continuous current, or, to put it 
in another way, it has a higher resistance. Any solid con- 
ductor may be looked upon as a bundle of conductors of very 
minute section, and when an alternating current passes 
through the conductor, it may be taken to split up between 
the conductors forming the bundle, and as each current 



bonding the return conductor to the track rails, and to all 
iron work, and the bonds should be as frequent as possible, 
so that any induced currents may be damped down. 
Delivering Single Phase Currents to the Trains, 
It will be understood from what has been said above that 
it would be practically impossible to employ third rails for 
single phase currents, the difficulties created by induction 
would be too serious. In addition to this, as one great 
object in employing single phase currents is to use higher 
pressures, it will easily be understood that the space available 
on the track hardly permits of much higher pressures than 



Fig. 17. Strain Tnsulalor for StPel Supporting Cables of Over- 
hoad Conductor. 

passing in each minute conductor acts inductively upon all 
the other conductors, the result is that which has been 
described. In small copper conductors, carrying currents of 
small strength, the effect is negligible, but with large copper 
conductors, carrying large currents, the effect may be to 
practically reduce the conducting power of the conductor as 
much as 2/5, and with iron conductors the effect is very 
much increased by the magnetic action of the iron itself. In 
addition, all the troubles that have been mentioned in con- 



Fig. 18. Strain Insulator. 

nection with the joints of the rails, the bonds, etc., would be 
considerably accentuated. Hence it becomes necessary, 
where single phase currents are employed in railway work, 
to fix special return conductors, which must be of copper, or 
the equivalent; and again, they must be connected to the 
track rails, because the alternating currents that are con- 
stantly surging to and fro, in the return conductor, would 
induce currents in the track rails, in the manner that has 



Fig. 19. Strain Insulator. 
been described above, these currents absorbing a considerable 
amount of the power delivered to the circuit. An instance 
that will illustrate this may be mentioned. In the early days 
of electric lighting of towns, when single phase alternating 
currents were employed, the separate conductors of a single 
phase service were carried independently, in separate iron 
pipes, with the result that the pressure delivered to the ser- 
vice was reduced so much that the service itself could not be 
carried on, currents induced in the iron pipes absorbing a 
large portion of the pressure. In the case of the railway 
track, the difficulty is overcome to a very large extent by 



Fig. 20. Section of Strain Insulator. 

those already in use with continuous currents. Hence, single 
phase alternating currents are delivered to the trains by 
overhead conductors. The overhead conductor is very similar 
to that with which everyone is familiar on our tram lines, 
but it has to be in the majority of cases heavier, and there- 
fore requires more frequent supports. As also inter-urban 
railway lines are often in exposed positions, increased 
mechanical strength of support is necessary. It will be 
understood that the overhead conductor must be insulated 
from everything but its own feeder cables, in the same way 
as the track conductor is, and as the pressures employed 
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Overh^act CofMtuctor~ 




■Section insutotor 

Section 2 

O^rhead Conducfor 



Feeder Cable 

Fig. 21. Diagram showing connections between Feeders and Overhead 
Conductors at Section Insulator. 

with single phase currents are so much higher, the insula- 
tion must be higher in proportion. Practice has settled down 
to one system. Iron or steel pillars are fixed on each side 
of the line, and steel cables are stretched between them, the 
cables being insulated from the steel pillars by insulators, 
specially designed for the purpose to stand the necessary 
mechanical strain. Examples of these are shown in figs. 17, 
18 and 19, and a section of a strain insulator showing how 
the insulating substance is compressed under the strain 
in fig. 20. The overhead conductor is suspended from 
the steel cables, also by insulators, again specially de- 
signed to stand the necessary strains produced by the col- 
lectors, and also those produced by changes of temperature, 
these latter being very severe in some parts of the world, as 
in parts of America and Canada. The insulators 
employed are made of special material, that has 
been gradually evolved. Lava is a favourite sub- 
stance and some others. The strains upon the over- 
head conductor, and upon its insulators, it will be understood, 
are different to those upon the track conductors. The col- 
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lector on the locomotive passes necessarily under the over- 
head conductor, and pushes it upwards, and the whole 
arrangement, the steel cables, the insulators, and their sup- 
ports, are designed to meet these strains, in such a manner 



The current is delivered to the overhead conductor by 
feeder cables just as with continuous current distribution, 
but the feeders may receive their current from sub-stations, 
as explained in connection with continuous currents, or, as is 



Fig. 22. Section Insulator for Overhead Conductor. 

that the conductor resumes its position immediately after a more frequent, where the area of distribution is large, the 

train has passed, ready for the next one. currents may be carried by the side of the line, at very high 

The railway to be supplied with single phase currents is pressures, say 10,000 or 20,000 volts, and be transformed 

divided into sections, just as described with continuous cur- down at convenient positions, by transformers carried on 



Fig. 23. Section Insulator. 



rents, and between any two sections, what are called section 
insulators are fixed. The overhead conductor is broken at 
the section insulator, and the feeder cables are brought to 
the pillars joining the section insulators, and are there con- 
nected to the two sections. Thus, the collector on the train 



poles, if necessary, or in small buildings arranged for the 
purpose, to the working voltage of the system, say, 3,000 
volts, the feeder conductors being taken from the trans- 
formers to right and left to feed the different sections. 
Fig. 25 shows this. For cross country work the high ten- 
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Fig. 24. Section Insulator. 



receives current on one section from the overhead conductor 
of the section, and when it reaches a section insulator it 
momentarily ceases to receive current, while it is passing 
over the section insulator, the next instant receiving current 
from the overhead conductor of the next section. Fig. 21 
shows the arrangement, and figs. 22 y 23 and 24 show forms 
of section insulators. It will be seen that this arran<jc- 
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Fig. 25. Diagram showing connections for delivering Current to Overhead 
Conductor from High Pressure Service. 

ment enables any section to be isolated in which there is a 
fault, so that tests can be made, and the fault discovered. 
Everyone will be familiar with the wink in the lamps of a 
town electric tramcar from time to time. These winks are 
nearly always caused by the trolley pole passing under a 
section insulator. 



sion cables and the feeder cables may both be naked conduc- 
tors, carried on insulators, on poles by the side of the line, 
the connections being made to the overhead conductor at the 
section insulators by covered conductors. 

As explained above, the current may be taken direct to 
the motor on the locomotive at 3,000 volts, or as is frequently 

5000 VblfOvtrhemlConttvciw^ 
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^ Trwtsfvrtner 
oeLoca 




Fig. 26. 



Diagram showing connections for Transforming 3,000 volt 
Overhead Service to 500 volt Loco. Service. 



arranged, it may be transformed on the locomotive by trans- 
formers carried there for the purpose, to a lower voltage, 
and delivered to the motors at the lower pressure, as shown 
in fig. 26. The actual pressure at which the current is de- 
livered to the motor is a matter for the judgment of the en- 
gineer, and will be determined by the conditions of the ser- 
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vice. If the locomotive is to run over a city line, and to use 
continuous currents there, while it uses single phase currents 
outside, the pressure to which the single phase currents are 
reduced will be the alternating equivalent of the city service. 
Where the locomotive has only to work over cross-country 
lines, where the full pressure can be employed, this will not 
be necessary. 

The New York Rapid-Transit Subway.* 

The population of the City of New York is about 4,150,000, 
distributed among five boroughs. The railway described in 
this Paper is confined chiefly to the borough and island of 
Manhattan, the most important district of the city. The 
railway has been constructed by and at the expense of the 
Municipality, under the jurisdiction of the Rapjd Transit 
Commission, through two contracts with one company. These 
contracts provided that the company should construct the 
railways for a lump sum in each case, payable in cash by 
the city as the work progressed; that it should furnish all 
equipment, to be taken over by the city on an appraised 
value at the termination of the leases, and to operate the 
railways for 50 years with the renewal period of 25 years. 
The rental during the first period is the interest on the city's 
bonds issued for the construction, plus i per cent, per annum 
for a sinking fund. For the second period the rental is to be 
fixed by arbitration. 

The material through which the railway has been built is 
chiefly a mica-gneiss rock and sand. 

The route begins at one of the suburban stations of the 
Long Island R., in the borough of Brookyln, passes under 
streets in that borough for i^ mile, and thence in tubes under 
the East River, whose width at the point of crossing is 
nearly i mile; it then follows a central route under streets 
in Manhattan for about 8 miles, where the line forks, one 
branch continuing north, the other north-east to the upper 
part of the city in the borough of the Bronx, giving a total 
length of route of 25*7 miles. 

It was in 1894 that the Rapid Transit Commission was 
appointed and the work projected; but for various reasons 
the latter was not begun until 1900. Contract No. i, cover- 
ing about 21 miles, was completed in 1904; and contract No. 
2, executed at the close of 1902, and involving the slow work 
of subaqueous tunnelling, has recently been put in operation. 
The question of type involved much labour in consideration, 
great efl"ort being made by many people and some news- 
papers to have New York follow the lead set by London in 
tube construction. The author, as chief engineer to the 
Commission, after a study of the tubes in operation and 
under construction in London, advised that the converse 
extreme principle in design be adopted, and that so far as 
possible the railway be of ** subway ** rather than tube type, 
and be kept as close to the surface as local conditions per- 
mitted. 

In New York, the demand for additional transportation, 
especially for long* distances, was so great that the two 
tracks were recognised as being too few to carry the traflfic, 
and especially to give the required high speed. It was there- 
fore decided to construct four tracts, parallel, and usually 
on the same level, over the central section, where the traflfic 
would be the heaviest, on which trains could run all day in 
both directions. The outer tracks were to serve the local 
traflRc, with about four stations to the mile, while the inner 
tracks were to carry the fast service, with stations at 
intervals averaging ij mile. On the sections where traffic 
would be less heavy, three tracks were projected, the central 
one to give an express service in the direction of maximum 
demand; that is, towards the commercial district in the 
morning, and from it in the evening. Of the total route, 
10*2 miles have two tracks; 7*6 miles, three tracks; 7*6 

•Abstract of ft Paper by W. Barclay Parson*, M.Inst. C.E., read before the 
Institution of Civil Engineers. 



miles, four or five tracks; 02 mile, eight tracks, a storage 
yard; and o'l mile, one track, a terminal loop. 

To support the street roadway,, a flat roof was adopted, 
consisting of transverse beams set at 5-foot spacing. As the 
result of careful investigation, it was found to be more 
economical to support these beams on rows of columns 
between the tracks, without any longitudinal girder. Con- 
struction was also facilitated by such design, as the individual 
members were thus made light in weight, and were limited 
to few varities. The roof beams at the side rested on I 
beams in the walls, and wherever there was an upward 
hydrostatic pressure, transverse beams were embedded in 
the floor. There was thus formed a frame of steel members 
capable of taking all the stress. Between the beams was 
moulded concrete. 

From the surface of the paving to the top of the roof the 
minimum distance is 30 in., governed by the yokes of the 
surface electric tramway. The height in the clear from rail- 
level to underside of roof is 13 feet, and the width per track 
is 12 feet 6 inches. The internal diameter of a tube of corres- 
ponding capacity would be 15 ft. 6 in. This accommodates 
a car similar to the one in use on the New York elevated 
system, and much larger than any car in the London tubes, 
except the Great Northern and City. The minimum depth 
from street to rail-level is 17ft., and to platform about 13ft. 
Every effort was made to attain this last dimension at 
stations. 

In order to keep the subway dry, an envelope of water- 
proofing material was embedded in the concrete of floor, 
walls, and roof. This material was alternate layers of paper 
roofing-felt and carefully selected asphalt. This envelope 
was made continuous, and was protected from subsequent 
external injury by an external covering of concrete. This 
was found to work well against even a substantial hydrostatic 
pressure. Where, however, such pressure became con- 
siderable, layers of bricks, dipped in asphalt, were used 
instead. The concrete was mixed very fluid, in order to 
secure as tight work as possible, irrespective of the water- 
proofing. Its proportions were usually i part cement, 2 of 
sand, and 4 of gravel or fine broken stone, except where 
used in large masses, when the proportion of the aggregate 
was increased. 

After the work had begun, a structure of reinforced con- 
crete was designed instead of the beam construction, and has 
been largely used. The rows of columns between the tracks 
are retained, and, in order to economise space such columns 
are of steel. A longitudinal truss of reinforced concrete 
connects the columns, while the roof and walls contain rods 
on the tension side. Wherever below the level of standing 
water, rods were embedded in the floor. Such construction^ 
in practice, was found to be both cheaper and more 
expeditious than beam construction. 

Although the basis of the design is a shallow subway^ 
with a flat roof, and constructed by **cut-and-cover" 
methods, there was no hesitation to depart from this type 
if conditions demanded or warranted such a course. There 
are 14*2 miles of cut-and-cover of which 13 miles have a 
flat and 1*2 mile an arched roof, 3*9 miles of masonry-lined 
tunnels, 2*7 miles of iron tubes and 6*6 miles in the open or 
on steel viaduct. The total mileage of types is greater than ' 
the route mileage, as some of the tunnels, notably the tubes, 
are separate structures for each track. All kinds of con- 
struction are thus embraced in the New York railway. In 
building the tubes compresed air was used at as high a 
pressure as 40 lbs. per square inch. 

Stations for the local tracks, except in a few instances 
where islands platforms were more convenient, have plat- 
forms on the outside with short direct stairways leading to 
the pavement. There are for each platform usually two exit 
and two entrance stairs. The express stations are served by 
island platforms, one between each pair of tracks, connected 
with each other and with the street pavements by an over- 
head bridge. At such stations passengers can transfer freely 
and without extra charge from local to express trains and 
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^ice versd. Such transferring is done to an unexpected 
•extent, the local trains acting as gatherers and distributors 
for the express trains. The express trains are scheduled to 
make about 30 miles per hour, and the locals 13 miles. 

There are 58 stations, of which all but four are reached 
by stairs only, while of the four, three have lifts, and one a 
mo\ing staircase working in both directions. 

Junctions are arranged so that opposing tracks pass 
under and over, there being no level crossing. The sharpest 
curve where speed is possible has a radius of 458 feet, and 
the maximum gradient is i in 33, or less than i in 60 if 
accelerating is likely. 

The express tracks are wholly and the local tracks partly 
protected by automatic block signals, with emergency 
automatic stops. The permanent way is of the usual 
American standard with loo-lb. rails. 

The shallow subway required a very thorough recon- 
struction of the sub-surface structures, accomplished at 
times by drastic measures. The sewers required the most 
care, 17 miles of new sewers being built, varying in size 
from i2in. pipes to 15ft. diameter brick structures. 

All materials were purchased after close inspection. 
Elaborate investigations were made into the quality of 
cement, and the physical properties of concrete, both plain 
and reinforced, and the effect of paint or other coating of the 
-embedded rods. This was essential on account of the 
large quantity of concrete used, namely, 725,000 cubic yards, 
and 1,320,000 barrels of cement. 

The cost of the railway, 25*7 miles long, with 763 miles 
of track, was about 50,000,000 dols., exclusive of equip- 
ment, interest during construction, or easements; the 
equipment added about 25,000,000 dols. 

Results of operations have been very gratifying. During 
the fiscal year ended June 30th, 1907, on 21 miles, the line to 
Brooklyn not being open, over 166,000,000 passengers were 
carried. The current year is showing a considerable in- 
crease, exclusive of the Brooklyn traffic, which since January 
I St, 1908, adds still further to the total. The fare is 5 cents. 
{2id.)y regardless of distance. 

The Author is of the opinion, ititer alia, that the cost of 
shallow construction does not exceed deep-tunnel construc- 
tion, unless the former is burdened by heavy charges for 
vault easements; and that the success of the New York 
subway is due to the high-speed service and the convenient 
arrangement of the stations with their short direct means 
of access. 



Ofncial Reports on Recent Accidents. 

At Bamber Bridge Stttion, L. & Y.R. On tht 30th Novtmber, U,- 
Col. E. Druitt, R.E,. reporls that : — 

A special cattle train (4-coupIed engine, lender, 9 cattle wagons and 
van fitted with screw coupling and vacuum brake) from Liverpool to 
Accrington was overtaken and run into by the 5.55 a.m. express boat 
train (lo-wheeled engin?, tender and 7 bogie carriages fitted with vacuum 
brake) from Fleetwood to Leeds. 

The collision was rather severe. The engine of the express was de- 
railed and the guard's van and two rear cattle wagons badly damaged; 
•eight 30-ft. rails bent, 20 chairs broken and 59 sleepers damagfd. The 
^uard of the cattle train and the driver and fireman of the express were 
injured. 

Approaching Bamber Bridge Junction signal-box the up line from 
Preston Junction runs from the north-west and the up line from Lostock 
Hall Junction from the west. The junction points are exactly opposite 
Ihe signal-box, and the up line runs thence about due east through 
Bamber Bridge Station. The signal-box is 35 feet south of the up line, 
Ihe down lin;^ and down loop line being between the up line and the box. 
There is a very good view from the latter. The up junction home signal 
for the line from Preston is 120 yards, and that for the line from Lostock 
Hall (Liverpool direction) 124 yards back from the signal-box. The 
inner up home signal for the junction box is 215 yards east of the signal- 
box towards the station, and is common to trains arriving from either 
Preston or Lostock Hall. There are inner and outer distant signals 
extending back 10 ever 1,000 yards in the case of the line from Preston 
and over 900 yards for the line from Lostock Hall. There are distant 
•signals under each of the Junction home signals for the next signal-box 
in advance, viz., Bamber Bridge Station. 

The following is the general rule bearing on this case. 

64. (<>) If, when two or more trains approach a Junction at the 
same time or at nearly the same time, the Signalman shruld have 
lowered or taken off the Signals for a Irain which should have been 



kept back for the passage of another, he must not attempt to alter 
the order of the trains by rr\'ersing the signals, but must ptoce 
them all at Danger, and *.o ke^p them until all the train* have be«i 
brought 10 a stand, when precedence can be givin to the prcper 
train. 

Signalman J. Papworth. in Bamb-r Bridge Junction Mgna!-box. was 
offered and accepted the special cattle train from Ixisltck Hail Junction 
(the signal-box in rear of the line from Liverpool) at t>.i7 a.m., and it 
was accepted by Bamber Bridge Station, th» Mgnal-box ne^t in advano* 
of the junction, at the same time. As soon as Papwor.h had.acc^ptrd 
the cattle train he lowered his junction outer home and inner home 
signals for it. He states he received the ** Entering sectiim *' signal for 
it at 6.26 a.m., and just then received the circuit call for the FleetwotJ 
boat train, as leaving Prfs »>n at h.2(> a.m., so wishing t<» give precedence* 
to Ihe boat train he immediaiel\ put his signals lo danger oga nst the 
cattle train, under the impres«iion that it had not arrlvd at bin junction 
home signal. But the caiile train had evidently just pasw-d the junction 
home signal by the lime it was put lo danger,* so it came In a «tand at 
the inner home signal, which the driv r, J. Branson, fcund at danger 
on reaching it ; and he states he scunded his whistle in the usual way 
on stopping. Owing to a goods train -hunting on the down Icop line 
adjoining. Papworth did not hear the cattle train pass the signal-box, 
though driver Branson statrs he could see Papworth in the signal-box 
with his back to the front of it, and guard .Mawscm aUi states he could 
see him. 

Papworth was offered the boat Irain from Brownedge cros«.*ng signal- 
box at 6.27 a.m., accepted it at 6.29 a.m., and low* red a'l his s'gnals 
for it. He sent the cancelling signal fi.r the cattle train to the station 
signal-box also at ^.29 a.m., but states he does not remember whether 
it was before cr after accepting the boat train, .\ccord.ng v the boat 
train, running with all signals *' off " for it, arrived at abeut 6.30 or 
6.31 a.m.. and ran into th** rear of the cattle train, which had lo.nmencrd 
to move forward slowly as soon as the inner home signal at which it 
was standing was lowered for the boat train. Fortuna elv, the la'ter 
was running at a moderate ^peed. owing to the difficultv T.f seeing ihe 
signals in the fog. The driver, J. .Moon, did not see the tail light of 
the cattle train, and had no chance of avoiding the coM'slcn. 

It will be seen from the above that the collision was due lo signa!m«in 
Papworth failing 10 carr>- out Rule ('4 (d) quoted above, whith it was all 
the more necessary for him to cbs rve owing to the fig preva Tng aC 
the time, as he could not see where the cattle ira'n was. The tail lights 
were about 100 yards from the «*ignal-box when the train wa* s.(anding 
at the inner home signal, and therefore invisible from the signal-bos. 

But guard Mawson, of the cattle train, should have gone to the 
signal-box lo remind the signalman that the train was standing at Ihe 
inner home signal, in accordance with the Rule 55A. as the evidence 
shows that the cattle train was standing there nearly five minutes. H«d 
he done so after waiting three minuie> or so, he might have b-en able 
to warn the signalman just in time for him to throw the ouirr home 
signal to danger, and he would not have been injured bv the collison. 

Fogmen were not on dut> at the time, though at the* actual time of 
the collision the fog was sufficiently thick to warrant their Wnf^ called 
out. The decision as 10 whether fogmen should be called cut is usually 
left to the signalmen on duly, as they lan best fc rm an opin'cn as to 
whether they are retjuired or not. In this case the fog appears lo have 
suddenly increased in density just before the ct.llis'on, and Papworth sa>s 
he intended to ask for ihetn as scon as the boat train had passed, and 
he had a fn-e minute or two to do so. They aclualv did come c n duty 
shortly afterwards. Had f«)gmen been on dutv possibly ih* accident 
might have been avoided, us a man is detaiird' to work under che in- 
structions of the signalman to watch tail lights, rtc. 

The question arose during the enquiry as to the necessiu of assVance 
being given to the signalman at Bamber Bridge Junciiin vignal-box. 
The tour of duty is for eight hours, and during the summer months a 
booking lad is provided during the day, but not during the ntghL In 
the winter months, when a large number of trains are withdrawn, the 
booking lad is not provided. As this case happened beft.re S a.m. the 
booking lad would not have been on duly, even if it had occurred during 
the summer months. But in view of the large amount of telephone 
work in this signal-box, and of the general increase in traffic of late 
years at it, the Co. might consider the question of providing a«.&i*tance 
at it, as it is at an important junction. 

Papworth is a signalman of long experience, and with an excdlenl 
record. He had been on duly just \ hour, after an interval of id hours. 

At Victoria Station, Manchester, L. & Y R. Oh the ^jtk DuemK^ 
Lt.'CoL E, Druit, K. E., reports that :— 

The 9^.2t> a.m. passenger train (o-coupled radial tank-engine and 5 
bogie coaches fitted with the vacuum brake) from Middleion was turned 
on to No. 14 bay platform road by mistake, and ran into some 
empty vehicles. 

.\ guard and the fireman and guard of the .Middleton train were 
slightly injured. 

The traffic into the bay platform roads at X'ictoria Station ts con- 
trolled from the Turntable and the Bays signal-boxes. From the forra*r, 
which is situated about 50 yards outside the platforms, all the points 
are worked and also the signals for entering the variou* roads, but hn 
there is a large overbridge between the signal-box and the platforms, the 
signalman is unable to se if any of the platfiirm roads are orrupied by 
a train or carriages. The Baxs signal-box is situated «o vartJs ins'de 
the entrance to the station and about no \nrds from the TurntabV Lox 
on No. o platform in the middle of the' bay platform roads, rtnd the 



Digitized by 



Google 



April, 1908. 



The Railway Engineer. 



139 



duiv of Ihe signalman is espfH-iallv lo s. e that the platform read on which 
a train is offered to him is clear before h.? accepts it. He ccntrols ihe 
signals for entering each road bv an electric slot on them. These signals 
are just adjoining the rurniable box. Some special arrangements are 
used fcr signalling the arrival of trains in these bay road**. Ihr u>ual 
bell signals are exchanged, but instead of the usual block instrument, 
nn indfratcr is provided in the Hays box which shows, by a needle pointing 
10 the number, on which road the signalman at the Turntable box intends 
10 let the train in. Also for each road an electric switch is provided, 
by turning the handle of which the signalman can either release the 
home-signal, or ihe calling-on arm for that road. The signalman in the 
Bays box has nothing to do with the departure of trains from these 
platforms, this is entirely controlled from the Turntable btx. 

The morning was very foggy and the trains were running out of 
their proper cours.^. 

The collision was chiefly due to Oldham s neglect to carry out the 
duties for which a signalman at thf? Bays box is alone provided. v:z., 
10 see that any particular platform road is clear before he accepts a train 

10 run into it. . . - •/ vt 

Owing to the fog he was unable to see on this occasion it No. 14 
road was clear or not; but he was provided with a Icok-cut man G. P. 
Harland. who was standing at thv- lime on the plaifc.rm adjoining his 
sig^ial-box, and as he could not s:e himself it was hs duty to send 
Harland to ascertain if No. 14 road was clear before accepting a train to 
run into it, and his neglect to do so caused the collision. He had used 
Harland several times previously that morning lo ascertain if the various 
roads w. re occupied or not. 

Signalman Hoydell should not have answered Oldham's question as 
to whether No. 14 road was occupied or not, but shculd have told him 
to find out for himself, or if Oldham could not do so, then Boydell cculd 
have sent his fogman to ascertain if the road was clear. But he states 
he did not expect Oldham to act on his reply without ascertaining 
definitelv that No. 14 road was clear. He has a most exc^^llent rrcord. 
The driver could not avoid the collision, as he could only ste about an 
engine's length ahead : the train was only moving slowly. 

v^/ Finsbury Park, G.N.R. On gfh November, Lt.-CoL E. Druitt, 
R,R,^ reports thai ;— 

The 9.48 p.m. train, Moorgate Street to High Barnet, was run in.o 
from behind by the 10.5 p.m. train, King's Cross to Muswell Hill. Both 
trains consisted of a Vcoupled lo-wheeled tank engine and 11 tlose- 
coupled 4-wheel coathes with a guard's compartment at each end of the 
train, fined with the automatic vacuum brake to the coupled engine 
wheels and all the carriage whee's. Only the trailing bogie wheels of 
the engine of the Muswell Hill train were derailed. The driver of the 
Muswell Hill train was injured and 24 passengers also complained. 

The 9.48 p.m. passenger train for High Barnet ran into a thick fog 
when approaching Finsbury Park on the down slow No. 2 line. The 
distant signals for No. 3 signal-box, which controls the down lines at 
• he sc.uih end of the s.ation, were at danger, and so the train was 
brnughi to a stand at the home signal for a moment, and then was ad- 
mitted into the down slow platform line between Nos. 6 and 7 platforms. 
It arrised at 10. 10 p.m., but had to wait for a North London train which 
runs into the stalion on the down C'anonbury line on the far side of the 
No. 7 platform. This train was late, and the High Barnet train was 
still standing on the down slow line when at 10.15 p.m. the 10.8 p.m. 
pas*jenger train from King's Cross for Muswell Hill, whith was following 
on the same line, ran into the rear of the High Barnet train, ihough 
both the home and distant signals were at danger for the second train. 

As the fog was so thick the fixed signals could not be seen, and the 
drivers had to rely on the detonating fog signals and fogmen who were 
nn dury at the down distant signals for No. 3 signal-box, and at the 
down distant signals for No. 5 signal-box, the latter being on the sam^ 
posts as, and i/nderneath the down home signals for No. 3 box. 

On passing the distant signals for No. 2 box driver Clarke, of the 
Muswell Hill train, received a green hand signal from fogman Pearce, 
who was on duty there, and as no fog signals exploded he concluded that 
the home signal was "off." and that the road was clear for him to run 
into the station. He accordingly kept steam on, and says he ran past the 
home signal at a. speed of 20 miles an hour without seeing either signal 
cr fogman, and gradually reduced speed on nearing the station. He 
was still running 7 or 8 miles an hour when he saw the tail lamps of the 
standing train a few yards away, and s<» could not prevent a collision. 

Fogman Pearce at the distant signal admits giving the driver of the 
second train a green hand signal, and stales he did so and also removed 
the detonating fog signals from the rails, because the down slow No. 2 
indicator in front of the fogging machine showed *' off," and that in- 
dicated that the distant signal was " off" for the train. Pearce is posi- 
tive on this point, and states he looked twice at the indicator and is sure 
it showed green and not red, though he stales it showed red a very short 
time after the train had passed, when he looked at it again. 

WhHfi the second train passed the distant signal the first of the two 
trains had been standing fur two or three minutes in the station, and the 
signalman and booking clerk in the signal-b<jx both say they are positive 
<be home signal was put to danger behind the first train, and the fog- 
man at the home signals, W. Harmer, s ates he saw the indicator work- 
ing with Ihe home signal go to danger after the first train had passed, 
and the distant signiil had not been pulled " off" for the first train. It 
is thus quite impossible fur the signalman to have lowered his home or 
distant signals for the second train, as there is a clearance bar in the 
platform mad on which the first train was standing, and which has to be 
worked before the home signal can be pulled off after being put lo danger. 



It would appear that Pearce made a mistake as to what the indicator 
showed when the second train passed, though it is difficult to understand 
how he could do so w ith the indicator right in front of him. 

Although driver Clarke was entirely misled by receiving a green light 
at the distant signal, yet he was not running with sufficient care con- 
sidering the density of the fog prevailing at the time. He admits he was 
running fast and that it was quite impossible to see the signals, and yet 
he ran past the home signals at a speed of 20 miles an hour without see- 
ing either signal or fogman. He exploded two detonators, as he would 
expect to do even if the home signal was "off " for him, provided the 
distant signal for No. 5 signal-box underneath it was at danger. The 
fogman on duty there,' \V. Harmer, knowing the home signal was at 
danger, did his best to attract Clarke's attention by shouting, but the 
train was running too fast for him to be heard. Driver Wright, who 
was on an engine standing at the home signals on the adjoining line, 
also popped his whistle to attract Clarke's attention, without result. 

Driver Clarke had been driving suburban trains for nearly 15 years 
and is fully acquainted with all the details of fog-signalling at the various 
signals and knew there would be a fogman at the home signals. He 
would have acted with better judgment if he had so reduced the speed of 
his train by the time he got to the home signal as to have been able lo 
receive a verbal communication from the fogman there, as provided for 
in General Rule 81 (<i). Had he done so he would have been warned thiit 
the home signal was at danger, and he could have slopped his train 
before running the 350 yds. to the rear of the other train. Driver Clarke 
has a very gocd character and is regarded as a careful driver. He had 
been on duty 7^ hours. Fogman Pearce also bears an excellent character 
and is the regularly appointed fogman for the down distant signals for 
No. 3 signal-box. He had left duty at i p.m. in the afternoon and had 
come on duty again for fogging duties at 8.15 p.m. 2 hours before the 
mishap. 

The fog-signalling arrangements of the Company are fully worked out 
in every detail, and the fogmen are periodically examined regarding their 
duties. Pearce had passed a satisfactory examination six weeks pre- 
viously. 

The fogging machines provided at Finsbury Park hold only four 
detonators. It would be better if a more modern pattern which holds 
many more were provided, so that the fogman may not have to cross a 
running line so frequently in order to recharge the machine. 



At Dore and Totley Junction Station. On gth October,— Major J, IV, 
Prin^le reports that : — 

The second engine and 5 following vehicles of the 1.30 p.m. express 
from SheflTield lo Bristol left the rai's. The trailing wheels of the tender 
of the leading engine were also derailed. The second engine eventually 
fell over on its left side, and Ihe driver and fireman were injured. Four 
passengers complained of the shaking. 

The leading engine (No. 319), of the 4-4-0 type, and 6-wheeled tender 
(loaded) weighed 78 tons 2 cwl. 2 qrs. The train engine (No. 1527), 
2-4-0 type, and o-wheeled tender (loaded) weighed 75 tons 3 cwt. 3 qrs. 
The train consisted of 2 N.H.R. 4-wheeled horse-boxes, each weighing 
S tons, and seven 8-\vheeled M.R. coaches and brakes, weighing respec- 
tively 26, 25, 23, 24, 26, 28 and 25 Ions ; total 193 tons. 

The engines and tenders were fitted with steam brakes and the train 
throughout with the vacuum automatic brake, all the wheels being 
blocked. Considerable damage was done to the permanent way. 

This derailment took place at the north end of Dore and Totley Sta- 
tion, on the main line between Sheffield and Chesterfield, where the rail- 
way has a general north and south direction. North of the station there 
are four lines, the western pair being fast lines. South of the station the 
lines diverge, the eastern forming the main road to Chesterfield, the 
western to Manchester. The western of each pair of lines is u«ed for 
down traflfic. Nofth of the station there are two double junctions be- 
tween the slow and fast lines. The most northerly of these junction 
points are on the slow line. The train was travelling from the up fast 
line to the up slow line, through the junction crossing, when the derail- 
ment took place. 

.Xpproaching Dore and Totley Station from the north, the railway is 
on a very easy left-hand curve. The curvature is slightly sharper on 
the slow roads, to provide the additional widening between the pairs of 
lines necessary for the station island platform, which has a width of 36ft. 
The site of derailment is 4 m. 10 ch. from Sheffield, where the train 
commenced its journey. For the first 20 ch. out of Sheffield the line rises 
at I in 330, and afterwards continuously at 1 in 100. 

Dore and Totley -Station Junction signal-box is situated on the west 
of both pairs of lines, about 120 yds. north of the station platforms. 
Measured from this signal-box the approximate distances to the under* 
mentioned places, signals, etc., are as follows : — 

Miles Chains 

Centre of Sheffield Station 4 10, north. 

Facing points on down slow line at Heeley 

North Junction 30,, 

Millhouses and IZcclesall ..Station i 30 ,, 

Beauchief and .Xbbeydale Station o 44 ,, 

Yards. 
I'p fast home signals for Dore and Totley Junction 162 north. 
Trailing points on up fast line (from up slow line) 59 ,, 
Facing points on up fast line (to up slow line)... 47 ,, 

Junction trailing points on up slow line 100 south. 

Position of overturned train engine after accident... 146 ,, 
The total length of the junction crossing, from the facing points on the 
up fast line to the trailing points on the up (Chesterfield) road, is 147 yds. 
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The curvature of the crossing, commencing at the heel of the facing 
switches, is as follows : — 

1. Left-hand curve, 620ft. radius, 58ft. long. 

2. Ditto, 1, 200ft. radius, iiift. long. 

3. Ditto, 2,8ooft. radius, 98ft. long. 
Tangent, straight, 53ft. long. 

4. Right-hand, 1,080ft. radius, 6oft. long. 

The superelevation of the outside rail at the heel of the facing switches 
is fin. for about 130ft. In the middle of No. 3 curve the superelevation 
is ifin. Along the right-hand cur\e the inner rail is about 4in. higher 
than the outer rail. This is rendered necessary by the preference given 
to the left-hand curve on the up slow line. 

The facing points of the Junction are fitted with a facing point lock, 
inside locking bar, 32ft. in length, and proper detecting arrangements. 
The signalling and interlocking are correct. 

The switch rails have a length of 30ft. yins., with 18ft. points. There 
are 14 creosoted sleepers under the switch rails. Of these, two, at the 
toes, are g^U. by i4ins. by yins., centred at aft. 4ins. apart ; eleven are 
spaced at central intervals of ift. 2ins., and measure 9ft. by i2ins. by 
6in. The sleeper on each side of the heel joint is i4ins. by 7ins., and 
carries two single chairs. All the rails used in the crossing are 100 lbs. 
per yard section. 

The evidence of eye-witnesses is conclusive that the second engine first 
left the rails and was the direct cause of the derailment of the 5 vehicles 
behind it, and of the trailing axle of the tender in front of it. Also that 
the derailment took place after passing the facing poin;s. 

It is clear from the evidence and facts that the derailment cannot be 
attributed to the failure, weakness, or want of maintenance of the road. 

Engine No. 1527 was built in August, 1881 ; re-boilercd Dec., 1891 ; 
new cylinders Oct., 1900; in the shops at Derby Sep., 1904; last out of 
the shops — Sheffield — ^June, 1906 ; new tyres on the leading wheels 
August, 1902 ; wheels last turned March, 1907. The last monthly 
examination was made by Foreman Littlewood at Millhouses 29th Sept., 
1907. "Wheels good — right-hand leading tyre slightly worn." 

The diameter of the leading wheels is 4ft. 2iins.. of the coupled 
wheels 6ft. SJins. When last out of the shops the weights were : — 
Left leading, 6t. 4c. iqr, right leading 6t. ic. iqr. 
I^ft driving, 7t. 12c., right driving, 7t. iic. 3qr. 
Left trailing, 5t. 14c., right trailing, 5t. 16c. 2qr. 

The leading axle is not pivoted in any way, so that the wheel-base is 
i6ft. 6ins. The total side play on the leading wheels is igins. The two 
tenders were identical, each having a wheel-base of 13ft., and an over- 
hang between buffers and trailing axle of 5ft. 2|ins. The length be- 
tween the trailing wheels of the tender of ^he leading engine and the 
leading wheels of the second engine was lift. 9Jins. 

After the accident the wheels of the leading axle were out of truth 
^in. The right flange was considerably worn, as illustrated. The 
comparatively excessive wear of the right wheel flange shows that some 
mechanical defect of wheel or frame was in existence prior to the 
accident. 





mt»> Stmdrn^ Tyr§ Stctm to 

Tyres of Left and Right Hand Leading Wheels of Engine No. 1527. 

By regulation, the speed of all trains over the junction crossing was 
restricted to a maximum of 20 miles an hour. There is a consensus of 
opinion of all the witnesses that this train was travelling at the usual 
speed of through trains, and that it did not exceed the fixed limit of 20 
miles an hour over the crossing. It is somewhat unusual to find such 
complete unanimity of opinion, but it cannot be accepted for the follow- 
ing reasons : — 

a. The distance — about 185 yds. — travelled by the train after derail- 
ment on a rising gradient of 1 in 100, with the continuous brake applied 
for at least 150 yds. The second engine ploughed its way over ballast 
and across sleepers and rails, and four or more vehicles were off the 
rails for some part at least of the distance. At 20 miles an hour it 
would be possible, under similar conditions of gradient, to stop a train 
with no wheels derailed in considerably less distance. 

h. The discrepancy in the evidence given by the drivers and firemen 
as to the place where steam was shut off. The two drivers agree that 
this was done about 400 yds. from the facing points. Fireman Gray 
states that the driver's custom was to ease the regulator passing 
through the Junction, whilst Sargant declares that his driver (Merk) shut 
off steam at the usual place — 50 yds. before reaching the facing points. 
As a matter of fact, the evidence shows that neither of the drivers en- 
tirely closed their regulators, and the continuous brake was not used to 
check the speed of the train before derailment took place. 

c. The driver's estimate for the maximum speed the train attained 
before reaching Dore and Totley — i.e., 33 miles an hour. Gauged by the 
times booked for the passing of the train by the various signalmen 
between Sheffield and Dore and Totley, the average speeds of the train 
were :-— Between Sheffield and Heeley North Junction — i^ miles, 22 miles 
an hour ; thence to Beauchief — 2 m. 28 ch., 49 miles an hour ; thence to 
Dore and Totley — 52 ch., 39 miles an hour ; between Heeley North and 
Dore and Totley — 3-^m., 46 miles an ho«ir ; over the whole distance — 
4I miles, 35 miles an hour. The booked times, from which these figures 
are calculated, must not be accepted as accurate, but even if allowance 
be made for possible errors, the figures tend strongly to show that the 



maximum speed was higher than 33 miles an hour. The maiimum 
speed would be attained at the moment cteam was shut off. 

d. The booked time allowed for the train between Sheffield and 
Dronfield — distance 7 m. 11 ch. — is 11 minutes, over the straight («!ow> 
road. The average speed on the straight road works out from the%f 
figures to be about 39 miles an hoar. If an additional two minuter 
be allowed for running over the junction crossings at H»^lev North 
Junction from the slow to the fast line, and at Dore and Toilej- /rora iht" 
fast to the slow lines, the average <peed over the whole distance work'b 
out at 33 miles an hour. As far as the south end of Bradway Tunne! — 
nearly 6 miles from Sheffield — there is a continuous rising gradient of 1 
in 100. Over the last mile before Dronfield is reached the gradient 
changes to one falling at an inclination of i in loj. Now, if. as the 
enginemen admit, the booked timing is generally adhered to. and thr 
speed restrictions to 20 miles an hour at Heeley North Junction and 
Dore and Totley are obeyed, it is very evident that the maximum speed 
of trains up this bank must considerably exceed the average speed (33 
miles) given by the time allowance. The fact has also in be remem- 
bered that the express had started 10 minutes late from Sheffield, and the 
enginemen would naturally, where no speed limiu fettered them, be 
making what speed they could. 

Another roniributory cause for this derailment is likely to be found 
in the coupling of two engines at the head of the train. The second 
engine, with the comparatively long wheel-base, wuuld find more diffi- 
culty in passing round a sharp curve than another with a shorter Ijase, 
The effect of a worn outer flange, upon which the whole turning move- 
ment of a vehicle depends, is much greater in the rase of an engine of 
this type than with one where the turning movement is dependent upon 
a bogie. The rubbing friction in this case resulting from the wcm 
flange must h.ive been further accentuated by the outward swing of the* 
trailing end of the tender in front of it. especially if the coupling be- 
tween the two engines was at all tight, and allowed little lateral move- 
ment over the surface of the buffers of the two vehicles. 

As regards the junction crossing itself, there are several matters for 
consideration. The radius of the lay out curve at the facing points is 
about 9*4 ch. ; but the actual divergence from the tangent (4|ins.) of the 
18ft. points is equivalent to that on a curve with a radius of about 6i ch. 
only. It is practically impossible to pro\Mde any considerable supereleva- 
tion on a junction crossing of this description. It is genernlly accepted' 
that the limit of speed on a curve should be such that not only will there 
be no sensible danger, but no possibility of annoyance or apprehension of 
danger. This will be attained when the action of centrifugal force upon 
the vehicle does not do more on a curve, having the proper amount of 
superelevation, than throw it over, by depressing the springs, so that it 
will maintain its level despite the supercloation. On a 94 ch. curve 
it has been calculated that this effect is attained at a spefd of about 
I9i miles per hour. But in the first place the superelevation on this 
curve is only |in., whereas for a speed of 19 or 20 miles an hour about 
2iin. is necessary. Further, the divergence from the tangent of the i8ft. 
points is equivalent to that due to a curve with a much smaller radiu* 
than 9*4 ch. Therefore, in accordance with theory, the speed limit on a 
junction crossing of this description should not be so high as 20 miles an 
hour. In practice, as this case indubitably shows, there may very 
possibly be misjudgment of speed by engine drivers, or there may be 
failure, even with the best intentions, under bad condiiicMis of railard 
weather, to accurately gauge the effect of the brake power. The limit 
of 20 miles will not, in these circumstances, provide the desirable margin 
of safety to meet all contingencies. 

The fact that during the past 6 or 7 years through trains have daily 
and hourly passed over this junction crossing, and that no derailment ha* 
occurred, does not prove that the conditions are not critical. They must 
always be critical at such a place. A conjunction of circumstances, each 
in itself insufficient to cause actual derailment, may, by cumulatK'e 
effect, bring about this result. In this case there was a higher speed 
than was justifiable, a worn flange on the leading outer wheel of the 
engine first derailed, and in front of this engine, which had a long 
wheel-base, a second engine was coupled, possibly more tightly than 
usual. It is to the conjunction of these circumstances that this derail- 
ment must be attributed. 

.\s regards the observation of speed limits, it is perfectly well known 
that, in the course of time, unless specific action is coniinuatly being 
taken to check soeeds, there is a- pronounced tendency on the part of 
drivers to neglect the strict letter of the law. Provided some action i& 
taken, such as closing the regulator, it is thought that ihev are suffi- 
ciently obeying the regulations. They would not be human if this ten- 
dency did not exist. ** Familiarity breeds contempt,** in the matter of 
taking risks, is as true of the driver as of the bicyclist or automobilist. 
It is not, therefore, sufficient to lay down regulations. In the interests 
of public safety it is the duty of a railway company to ensure that the 
regulations are rigidly enforced. It may be necessary to this end to fit 
all engines with speed recorders, or to provide ^ipeed tell-tales at alt 
places where speed restrictions are imposed, if they cannot otherwise be 
enforced. 

This particular case calls for consideration by the Co. of the following 
matters : — 

(a) Whether th« speed restriction at present applicable to junc- 
tion crossings of ihis description is sufficiently low to ensure the 
desirable margin of safety and comfort in travelling? 

(6) What actio.i is necessary to enforce obedience of speed 
restrictions ? 

(c) Whether sufficient time is allowed between Sheffield and' 
Dronfield to enable signalmen to strictly obey the speed limits over 
these junction crossings? 
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The Right Hon. Winston Churchill has succeeded the 
Right Hon. D. Lloyd-George, M.P., as President of 
the Board of Trade and the change will not, we fear, benefit 
railway interests. Mr. Lloyd-George's legal training and ex- 
perience of the world enabled him to see and appreciate both 
sides of railway questions which came before him and to be 
as fair as the policy of his political party would permit. His 
successor is a young man of 2>2t% ^^o is devoid of commercial 
training. Mr. Lloyd-George recently said he had found ** the 
ore ** [the railway and other interests under the supervision 
of the Board of Trade] ** to be rich and worth working. I 
just startc^d driving a few adits and levels into the heart of 
the rock and I was confident of rich results.** He did " not 
doubt that the possibilities of that office will be exhausted to 
the utmost,'* by the *' skill and ingenuity, courage and re- 
source ** of his successor. The prospect of the complete 
workings is not pleasant to those who have had experience 
of the bore holes during the past two years so far as railways 
arc concerned. 

Sir Robert Harvey, director, has been elected Chair- 
man of the Antofagasta and Bolivia R., in succession to 
the late Sir Lepel Griffin, 

Mr. Thos. Blain, assistant secretary', has been ap- 
pointed secretary and general manager of Hhe Maryport and 
Carlisle R., in succession to Mr, Hugh Carr, who has 
retired. 

Mr. S. F. Johnson, station master at Paddington, and 



formerly of Windsor, has been appointed district super- 
intendent of the (ireat Western R. at Birmingham, in suc- 
cession to Mr. Edw. Murphy, who has retired, and Mr. 
H. L. Bowles has been appointed to succeed the late Mr. 
J. R. Hankey as district goods manager at Liverpool. 

Mr. A. R. H. Saunders, assistant rating agent, Gt. 
Western R., has been appointed rating agent in succession 
to Mr. P. R. Smith, who has retired after 50 years* ser- 
vice, and Mr. F. W. Showers has been appointed to suc- 
ceed Mr. Saunders. 

Mr. H, Thorpe, of the joint lines account department 
Great Central R., has been appointed assistant auditor of 
the Ceylon Government Railways. 

We regret to record the death oi Mr. William Platts, pro- 
prietor of George Turton, Platts and Co., Sheffield. He 
served his apprenticeship with Messrs. Marshall, Sons, and 
Co., Limited, Gainsborough, and subsequently repre- 
sented the firm in Australia from 1886-90. He joined Mr. 
Geo. Turton in 1890, and the works in Saville Street were 
much extended. Mr. Turton retired in 1894 and Mr. Platts 
became the sole proprietor. Under his management the busi- 
ness continued to grow until it has become one of the most 
important spring and buffer making works in the country. 
The coiled spring department is capable of turning out 100 
tons per week. He took out several patents in connection 
with buffers and springs, the two most important and widely 
adopted being for the socket plunger buffer and the ribbed 
section volute springs. He died on the 14th ultimo at his 
residence in Sheffield at the early age of 46, and his decease 
is regretted by all who knew him. 

Threatened Strike on the Norih-Eastern R. 
The utter futility of the policy adopted on the N.E.R. of 
** recognising " the A.S.R.S. is apparently to be demon- 
strated at an early date, because, as Mr. Bell says, there is 
just now a mania for strikes on the N.E. coast and the 
N.E.R. men do not want to be out of it. The men having 
refused the Board of Trade Conciliation Board's scheme, 
the best thing the company can do is to see the strike through 
as a more favourable time than the present could hardly be 
selected. 

The Shrewsbury Accident. 

CoL. Yorke's report upon the fearful accident at Shrewsbury 
on October 15th, when it will be remembered that a very 
heavy L. and North Western train from Crewe left the metals 
at the curve entering Shrewsbury Joint station. The curve is 
at the foot of a long descent, and the speed on it is limited to 
10 miles an hour, whereas the train was travelling at 60 to 
65 miles an hour. The report is of great length and fulness, 
the conclusion arrived at being that the driver and fireman 
were dozing or sleeping until it was too late to avert the 
disaster. The report has given offence to engine men, and a 
meeting held in connection with the Associated Society of 
Locomotive Engineers and Firemen have already passed a 
resolution ** that the time has arrived when practical men 
should be appointed to enquire into accidents on our rail- 
ways." The brakes were, says the report, in good order and 
of ample power. 

Amalgamated Society of Railway Servants. 
The 36th annual report of the A.S.R.S. states that the mem- 
bership numbered at the end of the year 97,561, an increase 
during the year of 27,431, of whom 25,000 are said to be 
locomotive men. The income was ;^io2,i83, an increase of 
^'19,204. The entrance fees amounted to ^2,270, or more 
than double the amount in the previous year. The expenditure 
amounted to ;£,'67,747— an increase of ;^i6,9^ The total 
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funds amounted to jCji97^^^^y~^^ increase of ;£^34»435; '^^}'^<" 
figures show the advantage of an agitation for a strike just 
as a big fire benefits insurance companies. 

Conciliation Boards; L,. & North Western, Midland, 

North London R., and Furness Railway. 
During the past month the results of the elections for the 
men's representatives on the Conciliation Hoards of 
the L. and North Western, Midland, North London 
and Furness railways have been announced by the 
Board of Trade, and in the great majority of cases 
the candidates run by the Amalgamated Society of Railway 
Servants have been highly successful. 

The L. and North Western R. for the purposes of the 
Conciliation Boards has been divided in six districts and on 
each board seven grades (loco, signals, outside goods, pas- 
senger, way and works, inside goods and carting) are repre- 
sented, some by two members and some by one, a total number 
of 03 seats being ballotted for. The A.S.R.S. **ran'* candi- 
dates for all the seats and only five were defeated. The vot- 
ing on the company's offer to pay the expenses was : — 
Against 17,468, for 10,818, no answer 1,10^, spoilt papers 
1,120. 

The Midland R. has been divided into five districts, and 
will therefore have five .Sectional Boards, on each of which 
two representatives of each of six grades (.U>^^o» signals, 
goods, passenger, way and works and carting) will sit, or a 
total of 60. For these seats the A.S.R.S. ** ran " 57 candi- 
dates, and of these 54 were elected, generally by large 
majorities, and 3 were defeated. 

On the North London R. Board there were only 8 seats 
(representing four grades) to fill, and of these the A..S.R.S. 
ran 5 candidates, of whom 3 were elected. A vote was also 
taken in regard to the offer of the company to pay all the 
expenses of the Board and arbitration ; 590 were in favour of 
accepting the offer, 301 against, and 90 gave no answer. 

For the 12 seats on the Furness R. Board the A.S.R.S. 
ran 12 candidates, and they were all elected. On the payment 
of expenses question the voting was 390 against accepting 
the company's offer, 365 against, and 45 returned no answer. 

' ^ -X- 

Belgium's New Type of Time-Table. 
The time-table, Indicaieur des Chemins de Fer^ now in use 
in Belgium, is about to be replaced by a new type of book, 
which will be introduced before the end of the year, it will 
be twice as big as the present book, as it will be " bilingual," 
presumably, French and Flemish. Fortunately the new 
guide will be arranged in '* zones," each of which will com- 
prise a certain number of pages and bound on strips of linen, 
so that any section or " zone " may be detat^hed easily. 
There are to be four editions annually, each consisting of 
150,000 copiesy 

The Piershill and Portobello Widening, N.B.R. 
The contract for the widening of the North British R. be- 
tween Piershill Junction and Portobello East Junction has 
been let to Messrs. Hugh Symington and Sons, Coatbridge, 
and the work, which is estimated to cost about ;£'76,ooo, has 
just been commenced. 

The Newburgh and North Fife Railway. 
This line, which has been in the course of construction for 
some considerable time, is not expected to be ready for 
opening until late in the year. Messrs. Watson, Edinburgh, 
have obtained the contract for the station buildings, etc. 

Valve Gears of Locomotives. 

Iv our issue for last January we published the Report of the 
American Railway Master Mechanics Committee upon \'alve 
(jcars of Locomotives, and in which the weights of the 
various parts of the Walschaert and .Stephenson gears are 
given. Our attention was at once drawn to the fact that the 
items in the second column of the table on p. 15 did not add 



up to the total given. In reply to our enquiry the secrttan*- 
of the Association informs us that one of the stationary 
parts of the Walschaert gear, viz., the ** valve motion 
bearer," weighing cjirii lbs., had been inadvertently omitted 
in the Proceedings. The correct figures are given below : - 
Completr. Moving; Purj.s Only. 

Siophmson. WalMharri. SccphrnsDn. Walsihaf-rL 

(■r<>s>hi*a(lN i>7h 7^(5 O7O 74*1 

(iuido U'arcr 814 i,ii6 - — 

(iuides i.yiJ »,7i-i — — 

Fctrntrlcs .. ... (xk> — o<>o — 

(rank arm*» — 250 — 550 

Kccontric straps ... i.mkj ^ i.mhi -- 

Main crank pins ... 5^(1 51^ ^ji. 31(1 

Link«» ij8 41K ijH !| • ; 

Reverse ^t^ufl jj^ ^55 j'j.^ n^^'- 

Rorkrrn and boxps ... fnH 730 oiK 7^0 



Rocker rods H hangc rs 


itHJ 





lint 


_ 


Link bearing 


— 


^J4 


~ 





Kccentric rods 


1X4 


^(.4 


IS4 


-?»»4 


X'alve rods 


J20 


.S4'> 


22<t 


,>4<» 


Valve yokes 


•.S4 


141) 


*54 


14*. 


Valve rc»d f^uide 


-^4 


jH 






X'alve moiion bearer... 




()N} 




— 


Ciunplele set ... 


7.354 


><.i^' 


4.^4 


■J.^'^S 



Lighting Incandescent Gas Burners Simultaneously 
and Instantly; Eastern Railway of France. 

LiGHTi.vc; incandescent or ordinary ga.s lights throughout 
a train is a simple operation, but it takes time, and can there- 
fore only be conveniently carried out at the carriage sheds or 
at such stations as the train, for traffic purposes, stops a 
sufficiently long time. Moreover, especially in this country, 
the gas lights in carriages are burning for mauN hours just 
to light the train while it is passing through a tunnel. With 
electrically lit carriages this difficulty does not arise, because 
the lights can be controlled more easily, but with gas, though 
it is easy to arrange — particularly on corridor trains — for 
the lights to be turned out it is not easy— we might almost 
say possible — to arrange for them to be relighted should it 
be necessary to do so, except by means of bye-passes, which 
also burn a great deal of gas unnecessarily. 

To surmount these drawbacks experiments have been 
carried out since October, 1903, on the Ch. de T-Vr dc t'Est 
in France, and thty are destribed at length in the Revue 
(rdndrale des (^hetnins de Fer by MM. M. K. Biard and M, G. 
Maucl^re, of the locomotive department of the Kastern R. of 
France, and who conducted so much of the early experimental 
work connected with the introduction and adaptation of 
\ertical incandescent gas mantles for lighting railway carri- 
ages, and of which the Company has now 1(1,000 in use. 

The first experiments were made with pastilles of spongy 
platinum suspended in the chimneys of the lamps a little dis- 
tance above the mantles, but the method was found not to be 
relaible on account of the low heating power of oil-gas. 

Then electricity was turned to, and the experimental 
carriage (3 compartment ist-class) was fitted with an arrange- 
ment making sparks across the top of the mantles by a 
Ruhmkorff coil and 2-(ell battery. This method frequently 
failed owing to the difficulty of conveniently insulating the 
wires carrying the very high tension current. 

Next an arrangement employing spirial platinum wires 
across the chimney above the mantles and a low-tension 
current from a 2-ceIl accumulator and regulating rhe6stat 
was tried, but the platinum wire was delicate and gave 
trouble and the atrumulator gave great trouble and was 
difficult to manage. 

Finally the system here illustrated was adopted, and has 
given satisfaction. It consists of a sparking plug and a 
transformer being fitted to each lamp; each group of 
three lamps in series being (onnec^ted to a magneto machine; 
and a trap for rapidly <-learing the pipes of air before lighting. 

I'^ig. I is a diagram of the arrangement for a bogie 
carriage with 8 lamps for the compartments, 1 for the 
lavatory, i at each end for the vestibules, and 4 for the 
corridor. Fig. 2 is a view of the magneto machine which is 
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Fig. I.— Ignition of Incandescent Mantles. 

fixed inside the lavatory compartment, a hole being put 
through the partition to insert the turning handle. The 



Fig. 2. —Magneto Machine. 

magneto machine produces a current of from one to two 
amperes at 10 to 12 volts. The wheel E and the pinion F 
have a ratio of 10 to i. 

Attached to the magneto 
machine is a distributor D, 
which consists of a fixed ring o^ 
fibre carrying the contacts, / /, 
insulated from each other, to 
which the wires to the groups 
of lamps, Ly are attached by 
terminals, /) /;. To the spindle 
ii is attached an arm carrying 
a contact k mounted on a 
spring ; the contact rubs against 
the contact pieces inside the ring 
as the handle of the machine is 
turned. One of the poles B of the 
machine is connected to the 
spindle (» by means of a rubbing 
contact /. The return wire from 
the lamps, L L, is connected to 
the other pole C of the 
machine. Fig. 4. 



Close to each lamp on the roof is placed vertically a 
transformer 7', of which ^^, 3 is a section. They consist of 
a core of laminated soft iron surrounded by a short coil of 
thick wire and a long coil of very thin wire. The ends of the 
thick wire coil are connected to the machine and the ends of 
the thin wire to the ends of the wires in the sparking plugs, 
which are placed in the lamps above the mantles. 

Two patterns of sparking plugs have been used, the 
vertical, ?ig, 4, and the horizontal, fig. 5. The plug A is 
made of porcelain and the stout sparking wires, F and G, 
figs. 4 and 5, are of nickel pointed with platinum. It is 
essential that the points of the wires should be truly central 
and that the lamp should be provided with a bell C (of white 
enamelled iron), because when running the draught is con- 
siderable and the gas is too diluted with air. These 
plugs have been designed to fit existing lamps and not to 
interfere with the ordinary method of lighting by means of 
spirit torches. 



Fig. 3. — Transformers. 

The wires, 2 mm diam., may be run inside the carriages, 
but it was found more convenient to use lead covered wire 
laid outside on the roof. 

The gas cock is placed inside the carriage near the handle 
of the magneto machine and so arranged that both can be 
worked by the gas-man from the platform without his enter- 
ing the carriage. Two or three turns of the handle gives 8 
to 12 sparks in each lamp, and it has been found that the 
apparatus is sensitive enough to light all the lamps on the first 
revolution. 

One of the difficulties which attends turning out gas lights 
is that the pipes gradually fill with air through the minute 
holes of the injectors of the burners, and it has been found 
that after the lamps have been out 12 hours that 2 J to 3 
minutes are required for the gas to expel the air before re- 
lighting. To obviate this inconvenience and to bring the 
gas nearly on to the level of electricity regards instantaneous 
lighting the trap illustrated by fig. 6 was designed. It is 
placed on the roof and connected near to the end of the gas 
supply pipe. 




Sparking Plugs. 



Fig. 5. 
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Fig. 6 shows the trap in the state when all the burners are 
alight. When the lights have been out for some time the 
float G will be at the top of the bell C and the level of the oil 
at aa. 

When the gas is turned on under a pressure of 200 mm 
(7.87ins.) of water the air under ordinary circumstances must 
be expelled through the minute hi>lcs in the injectors of the 
burners, but with this trap it at once finds an easy escape 
through B, fig. 6, into the bell C, the float G descends, and 
the level of the oil outside rises to cc and inside C falls to bby 
as shown. When the lights are turned down the pressure 
of the atmosphere through E on the oil gradually forces back 
the air from C into the pipes. Should the pressure of the gas 
be greater than that above mentioned owing to the regulator 
being out of order the gas cannot escape to the atmosphere, 
because the float G supports by the tube / the heavy steel 
ball H, which will be left on the gun-metal seat / when G 
has fallen below a certain level, and thus the entrance to the 
bell C will be closed. The same result would follow the leak- 
age of the oil so that its level fell much below bb, and the 
escape of the gas to the atmosphere would be prevented. 

In service this little appliance h::j worked perfectly. It 
reduces the time necessary to clear the pipes from 3 minutes 
to 30 seconds, and prevents the explosions which generally 
occur with the lighting. The two carriages fitted in November, 
1906, and June, 1907, respectively, have given no trouble 
whatever, and the results obtained are considered to be very 
encouraging. 

The three principal advantages of this system of in- 
stantaneous lighting are: — i. Great economy of gas. It is 
stated that on the express day service Paris-Bdle-Paris alone, 
on which, owing to several tunnels on the Eastern railway 
and the Alsace-Lorraine system, the lights must be kept 
burning 5^ hours, an economy of 223fr. (;£^i3 lis,) per 
carriage per annum for gas will be realised. 2. The life of 
the mantles is lengthened from about 70 to 80 ^ays in 
express service to 100 to 105 days. 3. It renders unneces- 
sary the practice of men passing quickly along the roofs 
of carriages to light the lamps, which practice is dangerous, 
especially in frosty weather. 
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Fig. 6 Section of Air-Kscape Trap. 

.1 is a cylindrical vessel of 5 litres (8-8 pints) capacily, containing* 
coal-oil non-congealable and non-inflammable. 

B, connection with gas main near the end of the pipes on the 
carriage. 

C\ bell fi.xed to the bottom of .1 with openings I) permitting the oil 
to enter from .1. 

E, opening in .1 communicating with the atmosphere. 

F, float to prevent the shaking of the oil. 

G, float supporting the vertical tube / on which the ball-valve 11 
normally rests oflf its seat /. 

K is a tube to guide the ball-valve //. 

L and M, concentric tubes making an annular passage for Ihe gas 
to enter the bell C and forcing the gas to mount to the top of the case 
so as to prevent the possibility of the oil entering the pipes, through B. 

JV, guide for the float G. 

O, collar to oppose Ihe throwing of the oil. 

P P, stops for the floats F and G. 



On the Eastern R. of France the suburban trains are 
** doubled decked," and it appears that it takes 2 gas-men 
25 minutes to completely light the lamps in a train of 1^5 
vehicles, of which 12 are ** double decked '* and have 8 
lamps for the inside and 4 for the outside. With the system 
above described one man would light the train in 10 minutes 
or two men in 5 minutes. 

The agents in this country for the burner used on the 
Eastern R. of France and also for the ignition apparatus 
described above are The London Lamp Works, 2, Dyer's 
Buildings, Holborn, E.G. 



Johnson's ''All Electrio" Point and Signal ApparatUB. 

The salient feature of this apparatus, which was designed by 
Mr. A. H. Johnson, signal and telegraph engineer, L. and 
South Western R., is the points-motor mechanism illustrated 
by figs. I and 2. 

A double ended ram a carrying the roller b operates the 
points through the medium of the escapement crank c. The 
ram chambers and duct J, and also the bye-pass v, are filled 
with a light mineral oil. The chamber / contains two small 
gear wheels about lin. diam., one of which is driven by the 
electric motor m. The radial gate-valve h normally closes the 
bye-pass, and is held as shown, by the armature of coils r», 
which receives current simultaneously with motor m. When 
the motor m is operated and the wheels / thereby revolved, 
the ram a is traversed, thus moving the crank c and the 
points. The rod k is connected to a lug on the end of the 
roller pin, and moves the facing-point lock and usual locking- 
bar. 

Now should a train be standing on the bar, or the points 
be obstructed when current is applied to the motor m, the 
ram a is thereby stopped, but the small ram t flies up against 
its spring, and raises armature w, thus breaking the circuit of 
the holding magnet coils. The bye-pass valve h is then free 
to turn, and the motor m freely circulates oil through bye- 
pass e. It may be noted that the motor has been run thus for 
three hours without any detriment, the current at 100 volts 
being about i amp. 

The time taken to move over the points and point lock is 
2h seconds and the average current about 2 to 3 amps., 
according to the fit of the points. The ram, together with the 
escapement crank, form an effective point and lock move- 
ment. 



Fig. I. Johnson's Pcint and Signal Motor. 
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Fig. 2. Johnson's ** All-Electric " Point-working Mechanism, 

In another form of the point motor a hinged valve is 
substituted for the ram. 

The reduction gear consists merely of two ordinary gear 
wheels, and all working parts outside the motor itself run in 
oil, including the coils n. 

An ordinary duplex point lock o is adapted to be normally 
locked by the dog p and the armature r. Coil s, which re- 
leases this lock, receives current at the same time as coils w. 

Fig. 3 shows the operating lever with operating and check 
lock circuits, but the mechanism is also applicable to a 
** constant-detector" circuit. 

To reverse the position of the points worked by motor m, 
the signalman pulls over the lever until shoulder P of slide 5 is 
stopped by the check lock 1^. The battery h then works the 
motor m via circuit b, (Py 11, 14, h, o, o^, y, nz^, tn, kK The 
valve V is held closed by its coils via circuit b, cP, 11, 14, b\ 



h^y ty v^y ky Vy k^ . Thc switch points are thereby reversed, 
and thc bye-pass valve v is forced open, thus holding the 
valve circuit open at z z^. But the valve wire v^ now has 
another route via ** makc-and-break '* wheel g and x^ y^; and 
as armature of y^ is held over by coil y then y^, and switch 
points being reversed then 7, p^, 9, fe^ 

The battery current in valve wire v^ is now caused to pul- 
sate by the action of the ** make-and-break ** gy which is 
driven by motor m, and as the pulsations pass through the 
primary t of transformer t />, a current is set up in the 
secondary circuit i^, c^, e, e^, r. This operates the miniature 
motor r, and holds away the brake 38 by the coil r^. The 
motor r raises the low^er spring of circuit maker r^, which 
closes the circuit of battery /\ thus lifting check lock ? by 
coil and armature 1. The signalman, on hearing the slight 
rattle made by the motor device r r^, knows that the check 
lock is released, and he then completes the backward stroke 
of slide 5, thus cutting off battery h from the operating wires 
and so bringing motor m to rest. Motor r stops by the action 
of brake 38, and the circuit of battery /^ is severed at r^ by 
stoppage of motor r. 

The brake 38 also prevents the operation of motor r by an 
accidental pulsation, or a series of slow pulsations. 

Attention is drawn to the means employed for safeguard- 
ing the points against unintentional operation by a stray cur- 
rent caused by accidental contact. 

It will be noted that valve v is controlled by a separate 
wire, which in railway signal parlance may be said to *' slot *' 
the points. 

An accidental contact between a live wire and thc motor 
wire o or h would only cause an idle movement of the motor. 
Both the motor and valve wires would have to be simul- 
taneously fouled to cause trouble, and even then the points 
would not be operated should a signal for the route set be 
cleared as lock fc, fig. 3, or r in fig. i, is held locked by a coil 
in connection with the signal circuit. 

Still another safeguard is adopted by the usual expedient 




r 



Fig. 3. Johnson*s ** All- Electric " Point and^Signal Working Apparatus. 
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of earthing the operating wire at the lever in either of its 
completely thrown positions. This feature is not shown. 

The apparatus is manufactured by McKenzie and Holland 
and Westinghouse, Ltd., who arc fixing the system at Pracd 
Street Junction and Aldgate on the Metropolitan R. in con- 
nection with the provision of power and automatic signal- 
ling on that line between Aldgate and Praed Street and 
Bishop's Road. 

** Constant-detection " circuits are to be employed. 
These allow the point levers to be pulled fully over or fully 
put back at one movement, but no signals can be pulled over 
unless and until the points it governs are in position and any 
movement of a fK)int when a signal it covers is ** off *' causes 
the signal to go to danger. 

Signals are also operated by the same method. 



Rapid-Acting Vacuum Bralces. 

The introduction of ** Rapid-acting Valves'* or ** Accelera- 
tors" constitutes one of the most important improvements 
in the mechanism of the vacuum system of continuous 
brakes, because the speed, or in other words the 
minimum of time in which the continuous brake can be 
applied, either partially or fully, throughout a train of any 
length, is dependent on the rapidity by which the reduction 
of the vacuum, i.e., the increase in the pressure, in the main 
conduit pipe can be conveyed from the driver's valve on the 
locomotive to the last vehicle. 

In considering this question it must be borne in mind that 
the most important feature in the first instance is not the 
violence of the braking of the wheels but the rapidity by 
which the braking can be distributed serially, or synchronised 
throughout the train, and at the same time, amongst other 
things, avoid complete braking at the front of a train before 
that at the rear has had time to take effect, which would pro- 
duce buffing strains, and in goods trains buffer concussions, 
with a **bunching up" of the vehicles, resulting in damage to 
rolling stock as well as other dangerous effects, to say nothing 
of discomfort to passengers, etc. 

** Accelerators" have been designed to meet this object, 
but they have been made so as to come into operation on 
emergency applications only, whereas the more usual require- 
ment of an ordinary service application has been overlooked. 
One of the results of this has been that enginemen, when 
applying the brake under ordinary circumstances, have been 
rather afraidof making a slip, and thereby bringing the emer- 
gency valve into operation, and thus a tendency to leak the 
brake into action, resulting in actually retarding its applica- 
tion, has arisen. 

Special accelerators have now been introduced to overcome 
these difficulties, and by fitting them to each vehicle of a 
train a quick application of the brake is secured both in 
emergency and ordinary service applications. They are so 
designed that when the driver opens his valve for a service 
application, which reduces the vacuum in the train pipe by a 
certain amount the valve in the accelerator on the first vehicle 
automatically opens a communication to the atmosphere, 
which admits a certain amount of atmospheric pressure, and 
this additional reduction of vacuum is sufficient to quickly 
communicate the same effect to the succeeding vehicle, and 
so on seriatim; each accelerator in succession comes into 
action automatically throughout the train and causes a very 



rapid transmission of change of pressure along the main con- 
duit. These valves are so constructed, however, that they 
only remain open just sufficiently long as to allow the required 
reduction of vacuum to be passed on to the next valve in suc- 
cession, when each in turn automatically opens, closing again 
after having admitted just sufficient atmospheric pressure to 
partially apply the brakes with rapidity and regularity 
throughout. 

If any further or increased brake power be required a 
further reduction of vacuum by the driver again brings these 
accelerators into action, and this may be repeated until the 
vacuum in the main conduit is nearly destroyed. As these 
particular valves open and close in a definite period of time 
they would not exert sufficient influence, in the case of an 
emergency application, to fully apply the brakes, and they are 
therefore augmented by a more powerful auxiliary valve, 
which only opens on a sudden and large reduction of vacuum, 
produced by a sudden emergency application of the driver's 
valve, and remain open during a sufficiently long period to 
meet the necessary requirements 

The enormous influence which such accelerators exert has 
been demonstrated by actual tests, and the following results 
show the remarkable gain accomplished. 

On a train of (^k) vehicles, equal to about i, 800ft. in length, 
it was found that the time required to fully apply the brakes 
when making an emergency application was 50 seconds with- 
out accelerators and only 5J seconds with accelerators. The 
distance covered in these times at 40 miles an hour would be 
2,933ft, and 322ft. respectively, the speed of the air in the 
pipes being 35ft. and 327ft. 

For an ordinary service application the time required to 
apply the brakes was 30 seconds without accelerators and 
3 seconds with them. In these times the distance covered 
by a train travelling at 40 miles per hour would be i,7<'x)ft. 
and 176ft., and the speed of the air in the pipes do and (lood. 
respectively per second. 

The following figures show the comparative length of time 
with and without accelerators that it takes for change 
of pressure to take effect on the 30th and Goth vehicles after 
an emergency application of the driver's valve :- -Without 
accelerators, 65 seconds and 14 seconds; with accelerators, 
1*75 seconds and 2 seconds. 

The above figures show how rapidly the change of pres- 
sure is transmitted throughout the train, and how quickly and 
certainly the brake blocks are almost simultaneously applied, 
with the requisite degree of pressure, for the various condi- 
tions of braking. 

The fitting of these accelerators on odd, or a few vehicles 
in a train only, causes neither trouble nor objectionable results 
in working, so that they can be fitted gradually to the rolling 
stock of a railway. 

It must be admitted that the results accomplished are re- 
markable, and the serious and careful notice of the railway 
officials cannot fail to be drawn to them, particularly as at a 
small cost, and with little trouble, not only is the efficiency 
of the brake and control of high speed and long trains enor- 
mously increased, but the risk attending the working of rail- 
ways will be reduced, and consequently accidents and destruc- 
tion to rolling stock, while the lives of the railway staff and 
passengers are better safeguarded. 

E. S. LUARD. 
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Erection of Bridites.— X.* 

H. — MiscELLANEOi'S (conliuuccl). 
River Dal Railway Bridge in Sweden. 

This bridge is situate about 10 miles from Fahlin, and 
carries the main line between Gcfle and Gothenburj^. 

The central span is 208ft. clear and the two side spans 
arc Soft, each, the height above water being 40ft. (fig. 30). 

Large quantities of floating timber and rafts are con- 
stantly travelling down the river in the summer season so 
that it was impracticable to adopt any kind of intermedialc 
prop or staging in the central span, but the two side spans 
were erected on scaffolding in the usual way. 

The rolling out system was at first intended for the 
erection of the central large opening, but it was found that 
the protrusion of a span so large as joSft. with only one Soft. 
span to balance the protruding portion was not feasible. 

A staging suported by chains was next suggested as a 
temporary scaffolding upon which the bridge could be erected, 
but it was discovered that this was out of practicability in 
that virtually a suspension bridge would have had to be 
erected almost as strong as the permanent structure itself. 

Timber being plentiful in the neighbourhood, it was next 
thought that a projecting timber staging resting on each side 
of the river could be provided, but when worked out in detail 
this, too, was condemned as unsuitable. 

n 
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Fig. 30.— River Dal Railway Bridge, Sweden. 

The plan of erection ultimately adopted was as follows : 
— Four strong ties were fixed sloping dov\n from the end post 
of the large girder on to about the centre of the smaller 
girder. The ties used were of such a section that they could 
be worked in the permanent vv<^rk, and economy was ensured. 

The bottom boom of the short girder was strengthened 
to resist compression by the fixing of struts, also intended 
for use in the permanent structure. 

The shorter girder was then weighted down, a load of 
93 tons, chiefly rails, being used for the purpose. This load 
was distributed at the ends of the girders and at inter- 
mediate paints in such a manner that the girder was not in 
any point overstrained. 

This weighting bx'ing arranged and fixed, the two halves 
of the central span were built out one from each abutment, 
simultaneously. Kach member was fixed just as it left the 
maker's works, and riveted in position. 

As the central span girders were built out in this way the 
cross girders and railbearers were added to give the required 
stiffness, but the main flange plates were left off until later, 
It being considered that they would serve no other purpose 
than to add useless weight to the overhangs. 

The maximum weight lifted and fixed at one time was 
J5cwts., and long jibbed Scotch derricks were used for the 
handling of the material, they being found more suitable 

•The prcvio is articles ol ihis sniis appearrd in .he RaHway Eui^ineer of ihe 

followJnE dales : - 1 , Deceinlier, 19 5; II., Novenber. 1906; III., April. 

l^\ IV.. June, 1907; v., August, 1907; VI.. October, 1907; VII.. 

liTovcnibcr, 1907 ; VIII., January, 1908 ; IX., March, 1908. 



than ordinary portable cranes, which were used at first but 
subsequently abandoned. 

When the two halves of the span met in the centre it was 
found that although the alignment was true, yet the ironwork 
did not meet within one inch. This was, however, discovered 
when the temperature was low, and during the next day, 
when the sun was shining brightly, the gap disappeared and 
the closing up was done. 

When the temporary ties were cut away it was found that 
there was only a very slight deflection at the centre of the 
span. 

Five months were occupied in the work, but at the time 
chosen the weather was very cold and inclement, and the 
days short. 

The Padcrno Viaduct^ Italy. 

The Paderno Viaduct carries a single track line of the 
Meridionali Railway Company across the valley of the Adda, 
near Milan, and was built in 1889. 

It has a total length of 871ft. 2ins., and is divided into 
eight deck spans of io8ft. lojins. carried on three towers or 
piers, two arch towers, and three points of contact with the 
arch. 

The arch has a span of 492ft. between centres of the 
abutments, the rise from the chord to centre of crown being 
129ft. 4ins. From water level to rails the height is 242ft. 
()ins. 



Fig. 31. — Padcrno \^i.iduct. 

Fig. 31 shows the timber centre and trestling. Three rail 
services were provided, one near the water level, a second 
at the lower chord of the arch, and a third at the deck level. 
At the deck level a double line of rails were provided, and 
these carried two sixteen-wheeled derricks which were used 
for the hoisting and transport of the bridge members. 

Transverse girders were built between the legs of thvj 
derricks and these carried rails upon which four whoeled 
crabs were placed, and upon the top of the derricks were 
fixed rails for a jib crane. The maximum weight for each 
derrick was 15 tons. 

Central Bahia Railway Bridf^c. 

This bridge is situated in South .\merica, and is of the 
lattice girder class. It is placed over a precipitous gorge 
180ft. deep, and the use of scaffolding of the usual char- 
acter was out of the question. Another reason prohibiting 
the use of scaffolding was that timber was expensive, as also 
was skilled labour, and it was necessary to handle the work 
in the field so as to require as small expense as possible. 

The span is 203ft., and as the bridge is for a single line 
two main girders only were required with the usual cross 
girders and floor, the total weight of the bridge being nearly 
120 tons. 

The manner of erection (see fig. 1^2) was most unique and 
very different from anything that we have previously 
described. The basis of the erecting arrangement was a pair 
of steel wire ropes igins. diameter, slung in suspension 
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bridi^e manner ever two wooden trestles at each end of the 
bridj^e, provided with rollers, over which the wire ropes 
were slungf and made ti^ht to winches at each end of the 
rope. These suspension ropes were ffuycd from the midd'e 
of the openings towards each abutment by four J ins. steel 
wire ropes, which assisted both in the steadying and align- 
ment of the wire ropes, and also in the controlling of the 
travel of the half girders. 




Fig. 32.— Central lUhia Railway Bridge. 

Two rocking booms, of braced wooden construction, 80ft. 
long, were also provided at each abutment, being hinged at 
the lower end so that they could move forward towards the 
centre of the opening as might be required. 

Upon the main wire ropes roller bearing shoes were pro- 
vided to run along on the top of the ropes, these shoes being 
intended to receive the ends of the girders in mid span and 
assist the rocking booms to support the load. 

Each girder was made in two halves, the joint being 
made in the centre of the opening, and when each half of the 
girder had been built on the top of the abutment it was 
hauled forward by a fins, steel wire hauling rope attached 
to a locomotive on the opposite bank. The rocking bar was 
of course raised to its highest level, and the second panel 
point of the half girder hauled over and made fast to it. 

The abutment end of the half truss at this stage rested 
on skids working along the rails, the shore end of the half 
truss being counterbalanced so far as this could be arranged. 

When the second panel point of each half girder was thus 
suspended upon the wire suspension rope assisted by the Soft, 
boom it was hauled forward towards the other half girder of 
the bridge, the two halves thus meeting in the centre of the 
opening, and the connection was then made good by riveting. 

Of course, the level of the girder became lower as the 
launching out was effected since it necessarily followed the 
projecting end of the erecting boom, the top of which moved 
like the spoke of a wheel around its bottom pivot on the rock 
abutment. 

The closing ends of the half girders at the centre of the 
span were adjusted by means of jacks and cam-jaw levers 
bolted to the chords of the girderwork, which held them up 
during the riveting. This done, the cross girders and floor 
system were added and the work completed. 
The Pu^ll'V-fiifit I'iiuhut. 

This viaduct is on the Brecon and Merthyr extension 
cf the Barry Railway, and was opened for trafTic so recently 
as 1905 (see fig. 33). 



It is about 1 00ft. in height, and consists of eleven spans 
of steel lattice girders each 171ft. in length and 17ft. deep. 
The weight of steelwork in each span amounts to 275^ tons;, 
each girder weighing 88 tons. 

The girders were erected in the telescopic fashion, beinfr 
put together at one end of the viaduct on ordinary timber 
where the ground was higher, no height of the staging being: 
greater than (>()ft. The staging was built for a length of two 




Kig. 33.— Pwll-y-P*ni Viaduct. 

spans of the viaduct, and a ten ton travelling crane workt*d 
along the top of the staging to assemble the various parts of 
the girders, and also for the lifting up to the top of the stag:- 
ing of the parts of the girders, which were conveyed to the 
side of the stage on ordinary railway sidings at ground 
level. 

The booms of the girders were each delivered to the site 
in five lengths, and all the field rivets were inserted by 
pneumatic riveters. 

The main girders were to be spaced when resting in their 
final position on the piers at ihft. jins. centres, and upon 
these were placed cross girders 27ft. in length, projecting 
over the main girders at each side to form footpaths 3ft. 
wide. 

All the web members of the girders, both struts and ties, 
were specially designed so that they would be able to resist 
the temporary stresses that would come on them during the 
launching out process. 

Two of the main girders, in fact those intended for per^ 
manent use in No. i span (which was the furthest away from 
the temporary staging) were used as launching girders and 
were each provided with temporary nose-pieces 30ft. 4|ins. 
in length, which were riveted on the front ends of the two 
girders, and, of course, were pushc*d forward in front of 
them. 

Whilst the girders were bving erected the launching out 
girders were placed at 9ft. Qins. centres, and were therefore 
inside the space between the two girders already in position 
at I Oft. 3ins. centres. 

After the girders had been put together on the top of the 
staging they were lifted up from the floor by means of a 
hydraulic travelling crane mounted on bogie wheels, which 
ran along roller paths prepared on the upper surface of the 
top boom of the girders. 

The bogie wheels of the travelling crane were made with 
a sideways movement so that they could work either on roller 
paths idft. 3ins. or gft. gins, centres, the hydraulic ram being 
lOins. diameter, had a range of iiins. and a lifting power of 
180 tons. 
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When two of the launching out grinders were ready for 
moving: forwards they were placed at 9ft. gins, centres with 
the front of the projecting: nose overhanging the pier 91ft. 
loins. (see fig. 34), a transverse box girder being provided 
at their tail ends, holding underneath the girders previously 
placed at i6ft. jins. centres, and were also counterbalanced 
to prevent them from tipping up at the rear end. 
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Each girder when it was launched was suspended at its 
centre by the hydraulic crane, which rested at this stage on 
the two girders placed at i6ft. 3ins, centres. 

The diagram (fig. 34) shows how the telescoping move- 
ment of the various girders was carried out. Of course all 
the girders were practically at one level during the whole of 
the operations, so that the diagram is calculated to mislead 
unless this is borne in mind. 

First, the two girders A were placed at lOft. jins. centres, 
which was their permanent distance apart. This done, the 
two launching-out girders B were placed at 9ft, 9ins. centres, 
and with their nose-pieces or front extensions riveted on were 
then hauled out by two wire ropes until they reached the 
position shown in fig. 34. The hauling-out was performed 
by means of two winches fixed at the bottom of the p'er, the 
wire ropes being conveyed up the face of the pier in front of 
the launching. 

It will be noted that although the centre of girders B is 
24ft. 2ins. within the pier, yet this centre does not represent 
the centre of gravity of girder B with the nose-piece added; 
and it can be seen at once that the centre of gravity of the 
B girder with extension will not be far short of the ex- 
tremity of girder A, on which in fact it rested. 

TWo of the girders B being thus launched, another girder 
C was brought up at a distance of 3ft. 3ins. within girder 
B, and again suspended from its centre was hauled forward 
until it reached the position shown in ^fj^, 34, where it now 
rested on two piers, one at each end. The purpose of the 
nose or extension of girder B will now be clearly seen from 
the diagram. 

The two forward girders being now placed in their posi- 
tion on the front span, but at 3ft. 3ins. centres, the launch- 
ing-out girder B was run back out of the way, and at once 
the two front girders were skidded over sideways until they 
too reached the required permanent distance apart of 
1 6ft. 3ins, centres. 

This done, the launching-out girders B were run forward 
again, but one span in advance of the previous position, 
and the same operation was repeated. 

In the last span, of course, this could not be done, as the 
two launching-out girders were required as permanent 
girders for that span. In this case, therefore, a stagi* was 
erected, as in the case of spans Nos. 10 and 1 1, and after the 
two girders B had been pushed forward as far as possible the 
nose was cut off and the weight was put upon the staging 



and the girders were then hauled forward and skidded over 
to the right distance apart. 

The total weight of the steelwork thus erected was 3,377 
tons, and the cost was ;^i9 ihs. yd. per ton, which included 
the cost of erection. 

{To he continued,} 



Strang Gas-Electric Rail Motor Car. 

An interesting railway car has recently been completed at the 
works of the j. Ci. Brill Company for the Strang (las-Klectric 
Car Company, with the object of making trips over all the 
main steam lines east of the Mississippi River, stopping at 
the principal cities for parties of railway experts, who will 
watch its operation with a view to equipping branch lines 
and feeder systems with cars of this kind. 

The Strang system consists of a gas engine with a direct 
connected generator, electric transmission and control, direct 
electrical connection between the generator and truck motors, 
and a storage battery. The operation of the car is prac- 
tically the same as an interurban trolley car. The generator 
and engine have a capacity sufficient for normal require- 
ments, the generator furnishing all the current necessary; 
but when starting or when ascending a grade the current 
necessary would demand an engine and generator of much 



Strang Gas-Electric Rail Motor Car. 

larger capacity were it not for the storage battery. The 
storage battery therefore takes care of what is called the 
**peak" of the load, or that which is in excess of normal 
requirements. The storage battery is charged while the car 
is coasting down grades, coming to a stop or standing still; 
the engine running until automatically stopped, when the 
batteries are fully charged. 

The battery is placed underneath the car, and the engine- 
room only needs to be large enough for the engine and the 
generator. The engine has its six cylinders in line to make 
it as narrow as possible and leaves ample room for persons 
to enter the compartment and inspect the operation of the 
system. 

The system of control is that the *' multiple unit control" 
which enables the car to furnish current to other cars 
(^quipped with motors to which it may be coupled. The 
engine, generator, motors, and practically all the machinery 
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Strang Gas-Electric Rail Motor Car. 



have been especially devised and are stated to be important 
was desigfned and manufactured by the Strang Gas-Elcclric 
Car Co. Many of the devices which control the machinery 
improvements, e.g., the automatic control of engines by the 
condition of the battery; roof arrangement for water system 
of heat radiation; high tension ignition system, etc. The 
car carries sufficient gasoline to carry it 200 miles and con- 
sumes about o*6 gallon per mile. The engine coaling system 
consists of radiators placed on the roof of the car and a 
water circulation by a motor-driven turbine pump. The pas- 
senger compartments are heated by pipes connected with the 
water system. 

The car seats 75 passengers and will maintain a speed of 



55 miles an hour. It can be made the motor car of a train, 
being capable of hauling three trailers carrying 75 passengers 
each. In the event of mishap, its double system of power 
allows its batteries to drive it for 15 miles. 

The car is built of steel with the exception of the in- 
terior, which is composed of vermilion wood, richly carved 
and inlaid. Hehind the engine-room is a compartment fur- 
nished with transversely placed seats upholstered in red 
leather, and the rear compartment has comfortable wicker 
chairs and the usual fittings of a Pullman club car. The 
observation platform at the rear is enclosed with handsome 
brass railings. Instead of the usual form of dome, the roof 
is of a complete arched type, prevented from being mono- 
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tonous to the eye by ventilator sashes set in at regular in- 
tervals and allowing a soft light to come from above through 
the stained glass with which they are furnished. The orna- 
mentation of the ceiling is Oriental in character and lends the 
effect of height by ribbons of gold of irregular length reach- 
ing towards the centre. Pullman stained windows with 
stained glass in the upper part also add to the soft diffusion 
of light through the car, while the large plate glass sashes 
reach down to within two feet of the floor, adding much to 
the attractiveness of the interior by the unobstructed view 
which they afford. 

The car is ()6ft. long over all and weighs, complete, 
114,000 lbs. The engine is of vertical 4-cycle type, having 
six cylinders, laj by 9; 150 h.p. at 425 R.P.M. 
(continuous rating). The generator is of 85 k.w., 250 volt, 
d.c, shunt intcrpole. Motors (two) of 100 h.p.; 250 volt, 
series wound interpolc. Battery of 112 cells; Plants type of 
300 amperes hours capacity. Type **M*' control; automatic 
air brakes. The cooling and heating system consists of an 
electrically-driven centrifugal pump, circulating jacket water 
through radiators on roof or through heating pipes in pas- 
senger compartment. The trucks are the Brill standard 
No. 27-E3. The car body was designed by Mr. W. B. 
Strang and Mr. L. G. Nilson, of the Strang Gas-Electric Car 
Company, and built under their personal supervision. 



King Edward VII. Bridge, Newcastle-on-Tyne.^ 

The authors describe the construction of this new high-level 
bridge at Newcastle-upon-Tyne. For nearly (yo years the 
whole of the North-Eastern R. tratfic between north and 
south passed over three lines upon the old high-level bridge; 
and in 1899 Parliamentary powers were obtained to construct 
an entirely new bridge to carry four lines and so located that 
trains should pass through Newcastle without a change of 
engines. 

The bridge was designed by Mr. Charles Harrison, 
D.Sc, engineer to the Northern Division of the North- 
Eastern R. The contractors were the Cleveland Bridge and 
Engineering Co., Ltd., Darlington. 

Foundations. — Electric power was generated at the con- 
tractor's yard for working the air-compressors for the 
caissons, and for driving the whole of the machinery and 
lighting-plant upon the works. There were three caissons, 
each 113 ft. by 35ft., and sunk to about 70ft. below high 
water of ordinary spring-tides. Each caisson was divided 
into permanent and temporary lengths, the latter being 
attached to the permanent length at river-bed level. It was 
carried to a height of about 5ft. above high-water level. The 
working-chamber of each caisson was domed, and 9ft. 6in. 
high at the highest point. It was divided into three parts by 
means of two girders with wide bottom flanges, 3ft. 6in. 
above the cutting edge. These girders were designed to 
prevent the caissons from sinking too rapidly in soft ground. 
Holes were made through their webs to enable workmen to 
have free access to all parts of the working-chamber. There 
were three shafts to each chamber, which were pear-shaped 
in plan, and so designed that workmen could descend the 
ladders without fear of fouling the skips. Each shaft was 
servrd by an electric derrick-crane, and the skips were loaded, 
passed through the air-locks, and tipped into the hoppers 
without unslinging or re-handling. The air-locks were 
designed by Mr. F. W. Davis, with the object of removing 
the excavated material more quickly than is possible with 
the ordinary type of lock. The caissons were built immedi- 
ately above their final resting-place, and were lowered by 

^Abstract of a paper by F. W. Davis and C. R. S. Kirkpatrick, read 
before the Inst.C.E. 



means of lowering-chains and hydraulic jacks. As soon as 
the caisson had been lowered sufficiently to float, concreting 
was commenced, and continued as rapidly as possible by day 
and by night until the caisson rested securely on the bed of 
the river. 

Several cases of caisson-illness occurred, but only in one 
or two cases were the results serious. AH men employed 
under compressed air were medically examined before being 
allowed to work. The period adopted for compression and 
re-compression was i minute for every 5lbs. of pressure, and 
this was found to be quite satisfactory. Special attention 
was paid to the proper ventilation of the working-chambers, 
and 22 cubic feet of free air per minute for each man were 
supplied. During the sinking of the first two caissons it was 
thought that the amount of COo in the compressed air was 
related to the number of cases of compressed-air illness. In 
the last caisson, therefore, the air was analysed daily, and 
it was found that the number of cases of illness had no 
relation whatever to the quantity of CO2. This result is 
plotted on a diagram which accompanies the paper. Upon 
several occasions observations were taken of skin-friction, 
which was found to range from 5 cwt. to 6*65 cwt. per square 
foot of embedded surface. 

The North Approach.— The approach upon the north side 
IS by means of a lo-chain curve. The railway is carried over 
the existing Forth Banks warehouse by six spans of steel- 
work; and after passing through the warehouse, Pottecy Lane 
is crossed at a height of 35ft. above the road. Between 
Pottery Lane and the north bank of the river are ten semi- 
circular stone arches of 25ft. span, terminating in an abut- 
ment which forms the north abutment of the main bridge. 

The Superstructure, and its Erection.— The bridge con- 
sists of two spans of 300ft. each, with a land span on the 
north side of 231ft., and a land span on the south side with 
an average opening of 195ft. There are three granite piers 
in the river, 25ft. wide, and the clear headway to the under- 
side of the girders is 83ft. Gin. from high water of ordinary 
springtides. The piers have curved cut-waters at each end, 
and are lightened by voids. There are five girders to each 
span, of lattice design and 27ft. high, and they are placed 
lift, apart between centres. 

The track is carried on longitudinal timbers, resting on 
floor-plates supported by cross girders attached to the top 
boom of each main girder. The girders were erected upon 
timber staging, which was constructed wide enough to build 
two girders at one time. 

The Act of Parliament provided that one of the two water- 
ways should always be kept open during erection. The clos- 
ing of one channel involved a certain amount ol risk to 
shipping, and in consequence the work was expedited as 
much as possible. The south river-channel was closed on 
the loth April, 1905, and re-opened upon the 29th October, 
1905, after the building and removal of staging, and erection 
of five main girders, weighing 1,636 tons. The north river- 
channel was closed on the 29th October, and re-opened on 
the 26th May, 1906. 

Experiments were made with sand-blast apparatus for 
cleaning the steelwork, but the cost was found to work out 
at 2'i(xl. per sq. ft., or three times the cost of hand labour. 
There were difficulties in working on a large scale which 
prevented the system from being used for more than experi- 
mental work. 

The fan-shaped steel span upon the south side was not 
contemplated when the work was commenced, but the nature 
of the foundations upon the south side proved unsatisfactory 
for arches, and Mr. Harrison therefore decided to alter these 
to girders. The abutment of this span also forms the wings 
and abutments for the arches of the south-west and south- 
east approach curves. 

The South Approaches.— During the excavation for the 
south abutment of the Pipewellgate span, old pit-workings 
were met with. These were explored, and found to extend 
under the whole of the foundations upon the south-west and 
south-east approaches. The workings were therefore cleaned 
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out, and filled up with brickwork in cement. The arches upon 
the south-east and south-west approach curves were of ashlar 
in cement, the abutments and spandrel-walls being" of 
masonry in mortar faced with snccked rubble. 

The Cableway. — To expedite construction a cableway was 
erected, to carry 10 tons with a clear span of 1,520ft. llie 
saddles of each tower were 200ft, above high water, and the 
dip of the rope was about 65ft. The towers were of steel 
framework hinged at the foot, and provision was made at 
each anchorage for tightening or slackening the main rope. 
The driving-winch was about 35 yards west of the tower 
upon the Gateshead side, and was of 100 h. p. 

The main rope was j^l in. diam., and weighed over 
10 tons. Erection was a very difficult matter, owing to the 
river-traffic, railway-lines, and roadways below, but was 
successfully accomplished by drawing the main rope over a 
lighter rope previously secured to the towers. The cableway 
proved a success in every way, and not only saved consider- 
able expense in carrying out the work, but materially reduced 
the period of construction. In particular it was proved to be 
of special advantage for building and taking down the stag- 
ing for the girders. All signalling was done by means of 
flags. 

Board of Trade Inspection and Opening. — The bridge was 
tested by the Board of Trade with a live load of ten loco- 
motives. The maximum deflection in the two river spans was 
1/ 1848th of the span. 

The formal opening by His Majesty King Edward VII. 
took place on loth July, 1906, and passenger traffic was com- 
menced on I St October, 1906. 

Mr. A. Cameron, Assoc. M. Inst. C.K., acted as resident 
engineer for the railway company, whilst the authors super- 
vised the work on behalf of the contractors. 



Locomotive Journals and Bearings.— III.* 

Great Northern Railway. 
The train services of the (ireat Northern R. have always 
been noted for their speed, but in recent years the engines 
which Mr. H. A. Ivatt, M.Inst.C.E., has designed have not 
only had to increase the speed of the trains, but the East 

*No. I. appeared in February, 1908 ; No. II. Manh, 190S. 
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Fig. 13.— Driving Axle-box; Great Noithern Railway. 



Coast and other trains have increased enormously in weight. 

The details illustrated are those of the engines of the 
*' 990 •' and " 251 " c lasses, of which the cylinders (outside) 
are igin. (18} when new) by 24in. ; the coupled wheels 6ft. 
Sin. with new tyres; the working pressure i/.slbs. per sq. 
in. ; and the weight on the rail for each pair of driving 
wheels is 18 tons. 

Driving; Axle-Box, f\g. 13. — In this design the box is 
made of gun-metal with four insets of white metal, two 
narrow ones near the crown and two broad ones on the 




Fig. 14. — Axle-box Lubricator ; Great Northern Railway'. 

sides. The box is I4in. wide between the horns and 9iin. 
deep from the centre to the top. The horn surfaces are 
1 9 Jin. by ^>Uin. The keep is of cast-iron, and is supported 
.'IS shown on two wrought-iron pins fin. diam. The bearing 
is SJin. diam. by BJin. long, and is eased on the centre line 
by tV'"' ^^ shown. In the top of the box three oil-w^'lls are 
formed, a long, narrow trough in the middle and a larger 
cavity (6 x 3 x 2}) on either side. .Along the crown of the 
bearing there is an oil way ijin. deep and Jin. 
wide, and the oil is syphoned into this from 
both the side wells through diagonal holes, one 
at each end. The central trough is supplied 
from a brass oil-box 8 x 3J x 2-J^ (fig. 14), fixed 
on to the top of the wheel splasher, through 
an ^in. copper pipe. The axle-box is also pro- 
vided with a pad which is pressed against the 
journal by four vertical spiral springs kept in 
position by upright rods ^^^in. diam. riveted 
into the bottom plate of the frame of the pad, 
and which rests on the keep as shown on the 
drawing. The boxes for the coupled axle arc the 
same as those for the driving axle, except that 
the lower part of the keeps are different because 
the steel pin of the wrought-iron spring link 
is i'm. less diam. and because they require only 
one link 3|in. by ijin., whereas the driving 
boxes have two wrought-iron links 2in. diam. 

Connecting Rod, fig. 15. — This is loft. long 
between the centres ; the big-end bearing is 5in. 
diam. by 4|^in., the crank pin journal being 
5in. long ; the small end bearing is 3J by 3iin. 
The rod is made of forged steel, and is milled 
in the usual way to a flanged or I section ; 
its depth tapers from 5}in. to 4fin., both 
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flanges have an uniform section 2 Jin. by ijin., and 
the web has a thickness of Jin., the outside corners 
of the flanges are rounded off to a :J^in. radius, 
and the inside corners to a Jin. radius, while the fillets to 



is boxed in by the flanges of the bearing. The tapered steel 
adjusting cotter passes through the keep, and the cotter is 
secured in position by two steel ^ set screws and by a ^ x J 
split cotter. The keep is held in position by a steel bolt 



Fig. 15. —Connecting Rod ; Great Northern Railway. 



the web are fin. radius. One of these rods was tested in 
February, 1904, on the large machine made by J. Buckton 
and Co. for the French Government, and buckling com- 
menced with a compression of 84 tons. 



tapering from ij to i^^in. diam. fitted with lock nuts and a 
split cotter. 

The oil cup is solid, with the rod 3in. square bored out 
to 2jin. diam. by 2in. deep. It has a brass cap with a filling 



Fig. 16. — Coupling Rod ; Great Northern Railway. 



The big-end is quite different to any of the other designs 
wc have published. The rod ends in a square mouth, the 
jaws being 6iin. apart and i3Ji"* J^"K» ^^^o which is fitted 
the bronze bearing, the back-iron and keep. The back-iron 



hole closed by a button kep tight by a spiral spring as shown. 
The feeding hole is -^in. diam., and leads to an oil groove 
along the top of the bearing Jin. deep. The bearing has four 
large insets about 3iin. long of white metal, arranged to 
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take the thrust and pull as shown. 

The big-end is retained on the crank pin by a flanged cap 
screwed (8 threads to the inch) on to the end of the pin and 
secured by a taper pin, split at its small end. 

The small-end is a plain solid eye 78in. diam. by ^A*"* 
long, containing a plain bronze bush ^in. thick, and which 
is not keyed in position. Round its outer central diameter a 
semi-circular groove Jin. deep is ( ut, and from this six holes 
Jin. diam. are drilled through to the bearing surface. There 
is an oil cup Jin. deep cut out of the rod at the top, and from 
this a fin. hole communicates with the circumferential oil- 
wav above mentioned. 



Couplings Rod, fig. 16. — This, it will be seen, is, com- 
paratively, a short rod, being only ^ft- loin. between the 
centres, and is, in fact, the shortest length possible for bft. 
6in. wheels, and is only available with the ".Xtlantic " or 
4-4-2 wheel arrangement. The rod is of forged steel, and is 
nearly solid in section ; it is sin. deep in the middle and 
tapers to both ends to 43in., the width being 1 Jin. at the lop 
and bottom, but the middle is reduced to ijin. for a depth 
of 2 Jin., all on the outer side. The corners are rounded to a 
fin. radius and the fillets are jin. radius. 

The bearings are 6in. diam. by 3i^in. long (the pin jour- 
nals being 3iin- Jor^&)i and consist of flanged bronze bushes 
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^in. thick. Thi'v arc prevented from turning by J x J keys 
having the corners rounded off to an j radius, and which 
have dowel bosses Jin. diam. on them fitting into recesses 
jiri. deep bored in the eyes as shown. These keys are put in 
first, and then the bushes forced into their seats. The feed 
hole, Jin. diam., communicates with a diagonal oil channel 
{in. wide in the top of the bearing. The oil cups are .solid, 
and are fitted in precisely the same way as those above 
described on the big-end of the connecting rod. 

The coupling rods are retained on the pins by washers 
8in. diam. by |in. thick. These are screwed on to the end 
of the pins, which are reduced to 3in. diam. and threaded, 



8 to inch, and finally secured by three ^ by I'f set screws 
screwed into the pins and their heads let in flush with the 
surface of the washers. 

(To he continued. ) 

3pdClass Coppidop Capriages and Bpakes; 
Cambplan Railways. 

The latest practice in ^rd-CIass Carriages and Brake Coaches 
on the Cambrian Railways is illustrated by the annexed 
drawings. The first batch of these vehicles — built to the de- 
sign of Mr. Herbert Jones, the locomotive superintendent, at 
the Company's Works at Oswestry — have been put into the 
service run in connection with the London and North 
Western R. between Aberystwyth, Pwllheli, and Euston. 
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3rd Class Corridor tind Brake Carriage ; Cambrian Railways. 




The same design of steel undcrframe is common to both 
types, and the Brake Coach is furnished with two additional 
spiral springs in the bogie centre to carry the extra loading 
with luggage. 

The 3rd-Class Carriages are divided into eight compart- 
ments, and a lavatory compartment at one end of the 
vehicle, while the brake coaches contain two 3rd-class pas- 
senger compartments and one lavatory, besides the luggage 
and guard's compartments. 

The principal dimensions are : — Length over body, 54ft. 
6ins. ; length over buffers, 57ft. 8ins. ; total wheel base, 48ft. 
2ins. ; wheel base of bogies, 8ft. ; width of bodies — ^rd-class 
carriages 8ft. 4ins., brake carriages 8ft., and over look-out 



End View for Corridor Composite and 3rd Class Carriages. 
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Section through 3rd Class Compartment. 



9ft. ; height from rail to roof, lift. 6Jins. The inside dimen- 
sions of the compartments are : — Luggage 1 ompartment — 
length 32ft. iigins., width 7ft. 4iins., height 7ft. i]ins. ; 
3rd-<"Iass compartments — length 6ft. ojins., width 5ft. 2jins., 
height 7ft. ijins. The corridor has a width of 2ft. o^m. at 
waistc rail. 

The whole of the body framework, bottom sides and end 
bars, are constructed of seasoned Moulmein teak, covered 
with Honduras mahogany panels and mouldings. The cor- 
ridor is cased throughout with polished mahogany V-jointed 
match-boards ; substantial brass hand rails are carried across 
the corridor lights, and leather commode handles are fitted 



Section through Guard's Compartment. 

to the door pillars. Between the passenger and guard's com- 
partments is a mahogany and teak moulded door, fitted with 
Gibbon's private locks for the use of the guard only. Hall 
and soc^ket door stops are fitted to the compartment corridor 
doors. The roofs of the passenger compartments are formed 
with V. jointed pine boards, painted white and lined in red. 
Wood's patent wire woven seats are used with hair 
stuffed backs, upholstered in brown figured tapestry, 
** Eros " ventilators and Wood's ventilator dust shields 
are fitted in all compartments and corrodor roofs, Peter's 
patent window blinds, and the usual dust and draught ex- 
cluders, racks, photographs, Pilkington's bevelled mirrows. 



^2 V 



5 ^ 






End View at Luggage End 

- >e, ■- 
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Interior of 3rd Class Corridor and Brake Cariiige ; Cambrian Railways. 

etc. The lavatories are lined with pine boards, 
on the top of which is cemented enamelled metallic 
" Emdeca " covering, Doulton white porcelain wash 
basins and w.c. hoppers are provided, the latter being 
fitted with mahogany double covers. The water supply is 
carried in tinned and rivetted copper tanks, and gravitates 
to the wash basins and w.c. 's, and all the usual fittings being 
provided. Drawings of the L'nderframe and Bogie will 
appear in our next issue. 

Destruction of Arch Bridges.^ 

The author gave an account of the destruction of some of 
the bridges on the L. and North Western R. He com- 
menced with the Oxheys and Broughton widening, which 
was about 3J miles long, and was carried out at a cost of 

;^50,000. 

The blowing up of Lightfoot Lane Bridge, consisting of 
three brick arches, was chosen for description. **Tonite" 
was the explosive used on this work. Holes were * 'jumped*' 
in the haunches and crowns of each arch, the former being 
charged with 224 ozs., and the latter with 192 ozs. of 
**Tonite. *' In addition, holes were "jumped" in the backing 
over the piers, and charged with 240 ozs. of "Tonite. ** 
Instantaneous Ituses were fixed to the charges, grouped to- 
gether and fired by time fuses, care being taken to prevent 
the charges exploding before their time. Before charging 
the holes, both main lines were blocked, and the rails, 
sleepers, etc., removed for safety. Both lines were blocked 
at 12 o'clock noon and opened again between 4.30 and 
5 o'clock p.m. 

The crown shots in the centre arch were the first to ex- 
plode, followed some twenty seconds later by the crown and 
haunch shots of one of the side arches. A few seconds later 
the crown and haunch shots of the remaining side arcli ex- 
ploded, and then the shots in the top of the pier, which com- 
pleted the destruction of the arches. One road was opened 
after 2^ hours' work, and the other road ij hours later; 95 
men were engaged. 

The cost of destroying this bridge was ^200, About 
30 yds. to the west of the bridge is situated a chimney looft. 
high, but no damage was caused to it by the explosion. 

Then followed the description of a similar work in contiec- 
tion with a widening near Clifton and Lowther, which was 
1 mile long, and was carried out at a cost of ;£,*S,500. In 

•Abstract of a piper by H. C. Duncan Scott read before the Society of 
Engineers. 
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Fig. I.— 30-Ton Trolley ; Caledonian Ry. 



Fig. 2.— 30-Ton Trolley, Caledonian Railway, being tested with a load of slightly over 30 tons. ^— — • T ■ ^ 



this case the arch to be removed was a masonry one, with a 
span of 30ft. Holes were ** jumped*' in the crown, and 
charged with 9 ozs. of gelignite, the rest of the work being 
carried out in a similar manner to that in connection with 
Lightfoot Lane Bridge, the roads in this case being blocked 
from 10.20 a.m. till 2-37 P-m. 

A brick arch bridge of 20ft. span was also intended to be 
blQwn up at Preston, but the explosions ("Tonite** again being 
u.sed) were not successful, and the arch was finally removed 
by hand. Some of the prices given were of interest, as they 
are typical for work in the North of England. In cases 
where explosives cannot be used, the author said the simplest 
method was to erect centres under the arches, which can then 
be removed by hand, and if the headway be too small to 
allow of centres, ribs could be formed of boards bolted to- 
gether, bent and wedged up to take the form of the soffite 
of the arch. 

30-Ton Trolley ; Caledonian Railway. 

The annexed illustrations show a new type of trolley which 
the Caledonian R. Co. have recently added to their already 
extensive stock of ** Special class '* wagons, and which are 
intended particularly for the conveyance of armour and other 
iron and steel plates, castings, machinery, and suchlike con- 
signments of exceptional dimensions and up to 30 tons 
weight, by ordinary goods trains at usual speeds, and which 
otherwise could only be carried on Sundays and by blocking 
the opposite set of rails. 

It will be seen from the drawing that the trolley is Gift. 
Sin. long over the buffers and 58ft. Sin. over the headstocks 
by 7ft. Sin. wide. It is carried on two diamond-frame bogies 
49ft. apart centre to centre. The wheel-base of the bogies is 
5ft. gin.; the wheels are 3ft. 2in. diam. on the treads and 




Fig. 4 —Cross Section of 30-Toa Trolley ; CaledopiJM;^ Railway, j 
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Fig. 5. — Bogie for 30-Ton T 

have cast-stcci centres. The journals are 6in. diam. by T2in. 
long. See fig. 5. 

The construction of the platform is simple, the ** well '* 
portion consisting of four I section steel girders 16m. by f>in. 
strengthened by Jin. by Sin. plates riveted to their top and 
bottom flanges, the latter being connected by a |in. plate 
for nearly their whole length. The two central girders extend 
close up to the inside axles, and are placed iHins. centre to 
centre in order to allow sufficient side-play for the wheels 
when taking the sharpest curves. The outside girders are 
7ft. centre to centre. The four girders arc connected together 
by six wrought-iron knees — 2^ x i| rectangular section — 
riveted to the webs of the girders and to the |in. bottom 
plate, which extends the whole length of the well. The posi- 
tions of the knees are shown on the drawing. The ends of 
the girders are connected by framed angles and plates to the 
end portions of the platform, which are constructed like an 
ordinary underframe, the sole bars being 10 x 3I channels 
double as far as the bogie centre bearers, and single thence 
to the ends; the headstocks are 15 x 1} plates; the diagonals 
10 x 3 J channels; and the whole covered by a /}j in. plate. 

It will thus be seen that three wells are provided between 
the longitudinal girders having a clear length of about 35ft. 

The vehicle is provided with three trestles constructed of 
6 X 3 X i angles braced with 4 x ^in. bars as shown. The sur- 
faces against which the load bears are faced with woo<1 
planks 8 X 3in. at top and iji"- at bottom. I^hese treslKs 
are readily altered to face either side or removed altogether 
if the load does not require them, as shown by fig. 2. The 



roiley ; Caledonian Railway. 

end platforms are fitted with cross I girders gin. high by yin. 
wide, to which a long beam can be attached when carrying 
certain loads. 

An eithcrside screw hand brake is fitted to operate on the 
wheels of one of the bogies, and several shackles for binding 
chains are provided as shown. 

These trolleys were built at the Company's works at St. 
Rollox to the designs of Mr. J. F. Mcintosh, locomotive, 
carriage, and wagon superintendent, and to whom we are 
indebted for the drawing and photographs reproduced. 

It is of interest to note that the largest plates that are now 
made measure up to 35ft. by 12ft. gin., weighing about 
S Jons per inch of thickness, and as the bottom of the well 
is only loin. above the rail level, such plates can be carried 
on the \ chicles illustrated without special traffic arrange- 
ments. 



The Netravati Bridge at Mangalore.^ 

This bridge carries the Madras R. across the estuary of the 
Netravati River about 2 miles from its mouth, at a point 
where the width is about 6,200ft. Tlie north bank is well 
defined by the laterite hills on which Mangalore is built, and 
the navigable channel, with 17ft. of water, runs close to this 
bank. The south side of the river is obstructed by sand- 
banks and islands, and is bordered by low land, which is 
submerged during the rainy season. The river-bed is coarse 
sand overlying clay on a ver\' irregular bottom of gneiss. 

It was decided by the chief engineer of the Madras R., 
Mr^ H. J. Thompson, to bridge only the deep channel, and 

•Abstract of a paper by A. S. Napier, M.Inst.C.E , read before the Institution 
of Civil Engineers. 
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by thus contracting^ the waterway to increase the velocity of 
discharge and cause the river to deepen itself by scour a 
plan which has been successfully adopted in dealing with 
other large rivers crossed by the Madras R. 

The bridge consists of ih spans of 150ft., the girders 
being of the ordinary I.S.R. type. The two approach- 
banks, respectively 700ft. and 2,940ft. long, are protected by 
wing bands on the Bell system, carried up and down the 
river from the abutments. The piers rest on well founda- 
tions, the sinking of which is described, and are built of 
gneiss masonry set in cement mortar below high-water level, 
and in surkhi mortar above Water. 

Two systems of girder-erection were used -floating out 
on pontoons in the deeper water and erection on staging over 
the shallower portions of the river, the staging being built 
of old 6o!b. double-headed rails, braced with round iron bars. 
The processes of erection are described, and the paper con- 
cludes with details of the cost, which totalled Rs. 1,672,000. 



The Locomotive from Cleaning to Driving.— XVI.* 

By 

John Williams, Locomotive Inspector Great Central R., and 

Jas. T. Hodgson, Mechanical Superintendent School of 

Technology^ Manchester, 

Lubrication (continued). 

Engine failures and traffic delays are often directly attri- 
butable to imperfect lubrication, and many systems have 
therefore been designed from time to time whereby the 
lubricant may be positively applied to the rolling or rubbing 
surfaces. 

With an efficient system of forced lubrication it is claimed 
that the metallic surfaces of the bearings and journals are 
never in contact whilst running, since a film of oil is inserted 
between the frictional parts, by means of a suitable force 
pump. In this manner the oil may be delivered at the point 
the maximum pressure in the bearing, thus reducing wear to a 
minimum. 

In the Tilston's patent system, fig. 48, each bearing 
contains its own pump, which is so arranged that the oil, 
after being forced through the bearing, is returned to the 
reservoir to be used over again. A is a cast iron or other 
suitable metal bush and B the journal to which is secured 
the eccentric C for giving motion to the pump plunger F. 
Oil is supplied through the oil feed K to the chambers 1) and 
1)*, which are connected together by the passage E. When 

•Copyright. No. I. of this series appeared in February, i«)07 ; No. II. in 

March, 1907; No. 111. in April, 1907; No. IV. in May, n*o7 ; No. V. in 

June, 1907; No, VI. in July, 1907; No. VII. in Aujjus't, n)o7 ; No. VIII. 

in Scptenil>rr, 1907; No. IX. in October, 1907; No. X. in November, 

Ii7<»7 ; No. XI. in December, H)o7 ; No. XII. in January, hm>8 ; 

No. XIII. in February, n^S ; No. XIV. in March, 1908. 

No. XV. in Apiil, 1908. 



the plunger F is at the top of its stroke, the oil in the chamber 
D escapes through the inlet hole (1 to the inside of the pump, 
whence it is discharged on the return of the plunger through 
the non return valve 1 and outlet J to the part to be lubri- 
cated. 



Fig. 48. 



Fig. 49. 

From the foregoing description the application of this 
type of pump to a locomotive axle as shown in fig. 49 will 
be readily understood. 

The patent multiple sight feed lubricator, fig. 50, is 
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intended for use as a central pre* 
the important parts of the engine 
rods, etc. In many instances a 
used for this purpose, in which c; 
the system is greatly dependent 1 
ment of the parts to be lubricate 
longest pipe connection, with the 
instance, will not get its propei 
by the pump, since the maximun 
through the tubes which offer the 

With the multiple type of pur 
be delivered to any given point, 
in accordance to the resistance s 
ing to which it is connected. 

The Forced Lubrication Co. 
Tilston's patents, are also pro 
crank-pin lubricator, fig. 51. T 
its simplest form, but modificati( 
cumstances and forms of crank 
sary in actual practice. Oil is filh 



Fig. 51. 

B, with the piston D against the screwed cap I**. The lubri- 
cator is fixed out of centre, to allow the centrifugal force, 
together with the weight of the piston I), to be exerted upon 
the body of oil in the chamber A, thus forcing the lubricant 
past the adjusting screw C by which the amount delivered 
to the bearing is regulated. 

The IVcstinghouse Otiu^k Aclitig^ Brake, 
This brake is automatic and continuous and derives its 
power from compressed air stored in nservoirs under each 
vehicle in the train. These reservoirs are connected tog-cther 
by a main air pipe, and the brake may be applied by the 
driver, guard, or passenger, if required; or also be fully 
applied automatically should the train separate or the appar- 
atus be damaged so as to allow the air to escape. 

The air compressing pump (fig. 52) is fixed in a con- 
venient position upon the locomotive. The steam cylinder 
A and compressor B together form a direct double-acting 
air pump, which is under the control of the driver by means 
of a connection from the cab to the steam cock P. The 
pump may also be controlled by a governor (fig. 54), which 
automatically closes the steam supply when the necessary 
amount of air at the required pressure is stored in the main 
reservoir C (fig. 55), without any attention on the part of the 
driver, and a substantial saving in steam be effected, since 
the pump never works unnecessarily. 

The valve motion for the pump cylinder is contained in 
the top head (fig. 52), which can be quickly removed for 
repair and replaced by another without the locomotive being 



put out of service. When steam is admitted to the pump it 
enters the top cylinder at a and flows through the passages 
h and c into the main valve chamber J, the mam ports e and / 
being opened for the admission and exhaustion of steam by 
the movements of the main or distribution slide valve in the 
head. (Fig. 53.) 

The movements of the distribution slide valve, 71, arc 
controlled by a small piston valve, ()H, which in turn i.s 
actuated through a reversing slide valve, 65, by means of 



Digitized by 



Google 



May, 1908. 



The Railway Engineer. 



163 



t ^ifC€. 

kragvt case, 
tracking ring 
p casf. 

ting icrf^o. 
attng s^fing. 
\ragm stent. 
\ragm. 
\ragni ca/f. 
iragtn vattv. 
r. 

I s/^rrrrg. 
' 7>alvc and 

^or /isti n tod. 
fie nififile. 

union nuts. 

union nuts. 

nnt /or steam 
*o pumf>. 
ragni support 
'ing scffw 

rag in 7'a.ve 

ra^M waskcr 



cylinder, thus connectingf the two togfether. The main 
steam and air pistons arc both secured to the same piston 
rod and move together as one piece, so that the wholo when 
complete forms a very compact and serviceable air pump. 
The air is drawn from the atmosphere through the strainer 
into the passage 5, and admitted into the air cylinder by the 
top left-hand valve at each downward stroke, and the bottom 
left-hand valve at each upward stroke of the pistons to be 
discharged by the right-hand valves through the passage t 



FiR- 54. 

the rod working inside the hollow main piston rod, which 
raises or depresses the valve rod when nearing the comple- 
tion of its upward and downward strokes. 

A central casting containing the glands forms the bottoTi 
cover for the steam cylinder and the top cover for the air 



Fig. 56. 

to the main reservoir C, fig. 55. This reservoir, which is 
from lo to 15 cub. ft. capacity, is usually fixed under the 
footplate, and is charged with air to a pressure of from 90 to 
95 lbs. per sq. inch, to be used for charging the main pipe E 
as required for releasing the brakes, or to charge the auxiliary 
reservoirs located on the engine, tender and vehicles. On 
some railways, notably the Great Eastern, the casting form- 
ing the footplate is used as the main reservoir. 

With 140 lbs. steam pressure the Sins, by SJins. pump, 
when in good condition, will compress from o to 95 lbs. 
pressure of air in a standard main reservoir of 10 cub. ft. 
capacity in 100 seconds. A ball or globe lubricator is fitted 
to the steam supply pipe, so that the oil is carried forward by 
the steam to lubricate the piston rings, rods and valve 
motion in the cylinder and steam chest. The globe valve 



Fig. 55. 



Fig- 57. 

is filled with cylinder oil before the pump is started, and 
should last without refilling for from 7 to 10 hours. The oil is 
fed by displacement, as already described, so that the con- 
densation should be drained by the cross-handled plug valve 
before refilling the lubricator. The small tap below the 
lubricator should be open for draining the pipes when the 
pump is shut off. With the air supply a small quantity of 
moisture as well as grease from the air cylinder of the pump 
is frequently carried into the reservoir C and there deposited. 
To prvnide for the removal of such deposits a suitable drain 
plug is placed at the bottom of the reservoir, which must be 
unscrewed for the purpose at lease once a week. 
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The Driver's Equalising Brake Valve (figs. 56, 57, 58 
and 59) is the valve by which the driver operates the brake. 
It is placed in the cab of the engine, so that it can be 
manipulated without the driver moving his position. It is 
specially designed to work the brake in the best possible 
manner, particularly on long trains, and is provided with a 
device to counteract the effects of rough or unskilful hand- 
ling. The rotary valve 4 controls the passages leading from 
the main reservoir C to the main pipe E, and the brake valve 
reservoir U (fig. 55). In ordinary applications of the brake 
by the driver the small equalising piston T, in conjunction 
with the equalising brake valve reservoir U, automatically 
controls the discharge of air from the main pipe E so as 
to provide for a uniform reduction of the pressure in the 
pipe. The five principal positions of the valve handle for 
, working the brake, as shown in fig. 50, are as follows :— 

(i.) Position for Charging and Releasing the Brakes. 
When in this position compressed air from the reservoir C 
flows through the brake valve into the small reservoir U, 
and also into the main pipe E. 

(ii.) Position whilst Running. In the second position 
the supply to the main pipe E is cut off, and another port is 
opened, which leads to a small feed valve. This valve is 
held upon its seat by a spring having a resistance of about 
25 lbs. per sq. inch, so that when the pressure in the main 



(v.) Position for Emergency Application. WTien the 
valve handle is turned beyond the position iv. towards the 
right, a direct communication between the main pipe and the 
atmosphere is established, thus allowing the air to escape 
from the main pipe E with great rapidity, the brakes being 
instantly applied with full power. 

The main pipe E extends the whole length of the train, 
being connected by flexible hose couplings between the 



liS-58- 

pipe E, with the added load of the spring, is equal to the 
pressure in the reservoir C the feed valve is closed, and thus 
cuts off the communication between the reservoir and the 
brake pipe. If, however, there is any leakage from the train 
pipe, the pressure in the res'ervoir will automatically open the 
valve, thus maintaining the proper working pressure in the 
train pipe. By means of the load exerted by the spring upon 
the feed valve a pressure of 25 lbs. in excess of that in the 
train pipe is retained in the main reservoir, to be used as 
occasion requires. 

(iii.) Neutral Position. In this position all the ports in 
the rotary valve are closed. 

(iv.) Position for Ordinary Application of the Brake. 
When in this position the air from the chamber T is allowed 



l-'g- 59. 

different vehicles. The brakes are applied to all the vehicles 
by a reduction of pressure in this pipe whether purposely or 
accidentally produced. In ordinary working this is eff^^'cted 
by allowing air to escape at the driver's brake valve. The 
brakes are released by admitting air from the main reservoir 
C through the driver's brake valve, and thus increasing the 
pressure in the pipe. 

The locomotive tender and each braked vehicle are pro- 
vided with an auxiliary reservoir G (fig. 60), in which com- 
pressed air supplied from the main reservoir C is stored. In 
the Standard Quick-acting Brake the auxiliary reservoir G, 
triple valve F, and brake cylinder H are bolted together to 
form one piece. 

Each brake cylinder contains a piston having its rod 
attached to the brake gear. So long as the brake is not 
applied the cylinder is free from air pressure, and the piston 
is in the position shown. When, however, the brake is put 
into operation, compressed air is admitted to each cylinder by 
the triple valves F. The air pressure acting on the piston 
forces the latter forward, thus applying the brake blocks to 
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to escape, and the equalising piston 12 is forced upwards by 
the excess pressure underneath, thus lifting the discharge 
valve from its seat. Air is therefore allowed to escape 
from the main pipe E through the exhaust passage O until 
the pressure in the pfpe throughout the train is equal to that 
retained in the chamber T, when the valve u is returned to 
its seat by the gravity of the equalising piston, which has 
thus been placed in equilibrium. 



pe from the 
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from the wheels. The triple valve F forms the most essen- 
tial part of the Westinghouse brake apparatus. It is 
operated by the variations of pressure in the main pipe E in 
such a manner that it automatically admits compressed air 
to the brake cylinder of the vehicle to which it is attached, 
whenever the pressure in the main pipe is reduced, and dis- 
charges the compressed air from the brake cylinder, when 
the original pressure from the main pipe is restored. If the 



Digitized by 



Google 



May, 1908. 



The Railway Engineer. 



.65 



air is allowed to escape slowly from the main pipe E an 
ordinary application of the brake is obtained, each triple 
valve permitting" a portion of the compressed air stored in 
the auxiliary reservoir G to flow into the corresponding* 
brake cylinder, thus forcing- the piston forward and applying 
the brake. The brake force thus produced corresponds to 
the reduction of pressure in the main pipe 1£. The driver 
can therefore graduate the action of the brake at will by 
regoUating- with the brake valve the discharge of air from the 
pipe. If, however, the air is rapidly discharged from the 
main pipe E, as in an emergency application of the brake, 
a sudden reduction of pressure in the pipe will take place, 
and thereby instantly produce the rapid action of the brake. 
The triplxi valves F then not only allows compressed air from 
the reservoir G to enter the brake cylinders H, but in addi- 
tion opens on every vehicle a larg-e communication through 
which compressed air is also admitted from the main pipe E 
into the brake cylinders H. A double advantage is thereby 
obtained, first in utilising a considerable portion of the air in 
the main pipe to increase the brake force in emergency, and 
secondly in producing a rapid reduction in pressure in the 
whole length of the main pipe, which accelerates the brakes 
and practically insures simultaneous action throughout the 
train. 

In releasing^ the brakes by the air admitted from the main 
reservoir C through the driver's brake valve to the main 
pipe E, the pressure is restored, which causes the triple valve 
to discharge the air from the brake cylinder H into the 
atmosphere, thus relieving the brake blocks of pressure, and 
also re-charging at the same time the auxiliary reservoir G. 
To prevent the application of the brake from slight leakage 
in the main pipe, each brake cylinder is provided with a small 
groove n which establishes communication between both 
sides of the piston when the brake is not applied. If on 
account of such leakage a slight flow of air to the brake 
cylinders should occur, the air would pass through the 
groove n to the atmosphere without moving the piston. 
When, however, a considerable quantity of air is admitted to 
the cylinder, as in the ordinary application of the brake, the 
piston is immediately forced past the groove, and an escape 
from the cylinder is thus prevented. In order to insure 
that the pistons of all the brake cylinders in the train com- 
pletely clear the corresponding^ leakage grooves, the driver 
should always reduce the pressure in the main pipe by at least 
6 or 8 lbs. whenever he puts the brake into operation. Care 
must also be taken that on every vehicle the brake gear 
is so adjusted that it allows the piston to travel sufficiently 
far. 

The pressures indicated by the two pointers on the duplex 
gauge attached to the brake valve on the engine should be 
90 to 95 lbs. in the main reservoir C, and 70 lbs. in the main 
pipe E, an excess of pressure in the main reservoir being 
thus available for quickly releasing the brakes, and also for 
re-charging the auxiliary reservoir G. The 90 lbs. pressure 
should be pumped into the main reservoir before the engine 
is attached to the train, and the main pipe E under the 
engine should always be blown out by opening the coupling 
cock at the back of the tender a short interval before the 
couplings between the tender and train are united. When 
the locomotive is coupled to a train carrying less air pres- 
sure the brakes on the eng-ine and tender will be automatic- 
ally applied, as the pressure in the main pipe of the engine 
will be reduced by the discharge of air into the train pipe. If, 
however, the driver has been careful to come up to the train 
with 90 lbs. in the main reservoir the brakes will be released 
when the train pipes are properly charged. To charge the 
brake apparatus on the vehicles the handle on the driver's 
brake valve should be placed in the **Release Position" (i.) 
and kept there until the main pipe and auxiliary reservoirs 
arc charged with an air pressure of 70 lbs. When this 
pressure is indicated on the gauge the handle of the brake 
valve should at once be turned to the ** Position whilst Run- 
ning'* (ii), where it must usually be kept. The air pump 
should be set to work when the train is charged, and should 



be keptr going until a pressure of 90 lbs. is obtained in the 
main reservoir. To retain these pressures the importance 
of having the brake couplings properly united and all joints 
in good working order will be evident. The brakes should 
therefore be tested, by being applied a short time, to see that 
they operate properly on all the vehicles before starting from 
the terminus, or from any place where the hose couplings 
have been separated and re-coupled. Whilst the train is 
running unbraked it is important that the handle of the 
driver's brake valve should always be kept in ** Position 
whilst Running," so that the 25 lbs. excess of pressure may 
be maintained in the main reservoir for ensuring a prompt 
and quick release of the brakes. The air pressure in the 
main pipe should not exceed 70 lbs., otherwise the excessive 
pressure may cause trouble and delay, especially when 
vehicles are detached and coupled /to other trains. After a 
certain amount of practical experience the driver will know 
when to apply the brakes at a suHicient distance from the 
stopping point by turnings the handle between positions iii. 
and iv. to obtain the necessary 6 to 8 lbs. reduction of pres- 
sure in the main pipe. This reduction is required to ensure 
the brake cylinder pistons being clear of the leakage grooves, 
after which a very small reduction of pressure in the main 
pipe will serve to gradually increase the brake power as cir- 
cumstances may require. The brakes, however, are fully 
applied when a reduction of 20 to 25 lbs. pressure has been 
effected in the main pipe, so that it is useless to discharg-c 
any further quantity of air. Drivers should always bear in 
mind that less brake power is required for stopping from a 
low than from a high speed, and that the brakes should not 
be so forcibly applied as to skid the wheels. 

For ordinary stops the handle of the brake valve should 
not be turned beyond ** Position iv.," since this would pro- 
duce the quick action of the brakes, which should not be em- 
ployed except when absolutely necessary to avoid an accident. 
For quick stops, as in cases of emergency, the handle of the 
brake valve should be turned as far as possible to the right, 
*' Position v.," when an instantaneous application of all the 
brakes with full force is produced. If the brakes should he 
applred from the train, either by the guard or automatically 
by the rupture of a nose couplings, etc., the driver must at 
once aid in stopping by turning- the brake valve handV 
towards the right, as in ordinary applications, which wiJl 
also prevent the escape of air from the main reservoir. To 
control the train on descending grades the brakes should be 
lightly applied before too high a speed is reached, and the 
brake force should then be gradually increased as needed to 
keep the speed uniform. If the brake force should become 
too high the brakes may be released on the engine and tender 
by gradually opening the release valve, which is fixed in the 
cab within easy reach of the driver. In releasing the brakes 
the brake valve handle should be kept in the ** Release Posi- 
tion" (i.) for a sufficient length of time to properly re- 
charge the auxiliary reservoirs. When two engines are 
coupled to a train the brakes should be entirely under the 
control of the driver of the front engine, and the main reser- 
voir of the second engine must then be isolated from the 
main pipe of the train. For this purpose a cock, known as 
the brake valve isolating cock, is placed in the pipe leading 
from the main reservoir to the driver's brake valve. 

In ordinary working this cock should always be open, 
but when two engines are employed for working a train the 
isolating cock on the second engine must be kept closed and 
the handle of the brake valve put in full release position for so 
long as the driver of the leading engine is in charge of the 
brakes. The air pump on the second engine should be 
worked to maintain the maximum pressure in the main 
reservoir, so that the driver may be ready at any time to 
take charge of the brakes if necessary. 

The foregoing points will be of assistance when '^learning 
the brakes"; but practical experience combined with in- 
telligent perseverance is absolutely essential in mastering the 
numerous details connected with the working of this or any 
other continuous brake. The best methods to adopt for 
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the different operations, as when attaching or detachings 
vehicles, etc., and the necessary knowledge for the proper 
maintenance of the brake apparatus on the engine and tender, 
Can only be learnt by time and experience. 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C, from whom copies of the specifications can be obtained 
at an uniform price of 8d. each. 

Carriage Windows. io,62j, jth May^ ^907* Date 
claimed under Patents and Designs Act i^oj^ igth 
Xovemhery /906. A. E. Ostrandcr, 08^, East 2^th Street y 
PatersoHy Passaic County y New Jersey^ U.S.A. 
Metal window frames of various shapes are provided with 
integral flanges arranged on the outside of the wall of the 
carriage, and with similar flanges on their inner sides to 
which the sashes are secured. A vertical post 4 is arranged 
between the windows 2, 2, and extends behind the semi- 
cUiptical window 3, up to the side plate angle 5, to which it is 
connected, as shown in fig. 3. This post, as shown in fig. 2, 
is a built-up structure consisting of a T, to which wooden 
fillers 6 are secured, the outside of the post being covered by 
a metal casing 7. Stop strips 8 and pressed metal window 
stops 9 are secured to these fillers, and between these stops 
and stop strips the sashes of the twin windows are arranged. 




The sash lo of the semi-elliptical window is connected to a 
finishing batten or window frame 1 1 , that is fastened to the 
sub-letter-board forming part of the side wall. This frame 1 1 
may be either a pressed metal member or a casting, and is 
provided with a flange 12 arranged on the outside of the wall 
and connected thereto by fastening devices 13, the frame also 
being provided at its inner edge with a flange 14, through 
which fastening devices 15 extend to secure the sash of the 
semi-elliptical window in position. The oval window i is 
set in a frame 16, provided with a flange 17, which is 
arranged en the outside of the wall, and fastening devices 
18 pass through the flange to connect the frame to the side 
wall of the car. The frame is also provided with an inwardly 
extending flange 19, against which the sash of the window 1 
rests, and fastening devices 20 extend through this flange and 
sash to retain the sash in position This frame 16 also may be 
either cast or formed from pressed metal. (Accepted 16th 
January y igo8.) 

Twin Carriages. 4,5r2. 2jrd February y igoy. H. N. 
Greslcy, Milfordy Doncastcry York. 

According to this invention the adjacent ends a of two 
carriages are supported on one common bogie truck h through 



brackets e e^ fixed to the vehicle ends, and adapted to so 
engage one with the other as to serve as a coupling or con- 
nection between the vehicles. The bracket e is formed as a 
cup with a concave inner face h and a convex base or under 
surface / which bears directly or through an interposed thin 
metal washer on the corresponding concave face of the bogie 
centre casting or swivel plate k of the bolster c. The bracket 
e' has a hollow head adapted to fit within the cup of the 




bracket e and is formed with a convex under surface that 
then works on the concave inner surface h. A king bolt or 
pivot d extends through centrally arranged clearance holes 
m in the head and cup and between the head and cup suflScient 
space is left for the head to rock freely to a limited extent, the 
arrangement being such that the brackets can turn horizon- 
tally and vertically relatively to each other and to the bogie 
centre casting or swivel plate k. Brackets p fixed to the 
vehicle headstocks / are adapted to work upon side bearing 
plates of the bogie b. (Accepted 2nd January y igoS.) 

Electric Locomotive. 7^408. 2jth March y igoj. The 
British Thomson-Houston Co.y Ltd.y 8jy Cannon Streety Lon- 
dony E.C. A communication jrom the General Electric Co.y 
Schenectady y New Yorkj U.S.A. 

The weight on the driving wheels is, according to this inven- 
tion, varied in accordance with the load on the motors, by 
placing an electro-magnet in the motor circuit which responds 
to an increase of current in the circuit above a predetermined 
amount, and controls a device which shifts the load auto- 
matically. The locomotive frame E rests on pins D, D, sup- 
ported on equalising links C suspended from the springs B, 
B. Levers F F carry the pins D and other pins D* arranged 
nearer the axle of the driving wheel, and are connected 
through links / with the piston of an air cylinder G adapted 
to operate the levers to shift the load from the pins D to the 
pins D^ thereby shifting the effective points of support on 
the equaliser links toward the driving wheels to increase the 
proportionate weights carried by those wheels. A valve I 
controlling the admission of air to the cylinder G from a main 
reservoir H is controlled by a magnet J, which in turn is 
controlled by an overload magnet K placed in the circuit with 
the driving motor M. This magnet is shown inserted between 
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the trolley or current collecting device L, and the switches 
O, shown diag^rammatically which control the supply of cur- 
rent to the motors M. Whenever either switch O is moved 
to dose the motor circuit, current passes through the magnet 
K, and if the current admitted to the motors rises above a 
certain limit, magnet K draws up its armature, thereby ener- 
gising magnet J and shifting valve I to admit air from the 

^ n. 







^^i^ 
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weight c* has been raised to the central position or slightly 
past, the *• Y '* end of the handle c comes into operation and 
oscillates the crank e, e*, moving the connecting rod into the 
other position, thereby reversing the switches. (Accepted 
gth January J igo8,J 

Facing Point Switches. 2,ji2, joth January, igo'/. 
IV, H, Taylor, j. Brown Street, Market Street, Manchester, 
A communication from G, Harding, Heideherg Station, 
Transvaal. 

The points a are adapted to be raised alongside the rails h 
into a position level with the rails or lowered into a position' 
entirely out of the way of the wheel flanges, by means of 
cams g, mounted on shafts /, and operated through rocking 
levers h, in such manner that when one point is in the raised 
position the other is in the lowered position. The operating 



reservoir H to the cylinders G. Thus, at starting, when the 
maximum traction effort is required, the magnet K will be 
energised, since the starting current is large, and in general 
whenever current above a predetermined amount is admitted 
to the motors, so as to increase their torque above a certain 
amount, the magnet K will be energised sufficiently to close 
its contacts, and the proportionate load on their drivers will 
be increased. (Accepted gth January, igo8,) 

Ground Switch Levers, g^yio, 26th April, igoy, 
L. W, Williams, O, R, Williams, and D, D. Williams, RaiU 
way Appliances Works, Cathcart, Renfrew, 
The switch lever consists of a weighted slotted lever c oscil- 
lating on a horizontal fulcrum pin b, and a crank e e^ mounted 
on a vertical fulcrum pin d, one arm e of the crank engaging 
in a slot c* in the lower end of the lever c, and the other e^ 
being connected to the switch rod. Should the switches be 
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trailed when the lever is in the position shown, the lever will 
be swung over to suit the direction of the trailing vehicles. 
When the shunter has to move the switches, the handle c is 
first pulled out so that the fulcrum pin h is at the lower end 
of the closed slot c*. In this position the arm e of the crank 
e, e^, does not engage in the lower slot c*, but engages in the 
*' Y '* shaped end c% where there is sufficient clearance, pro- 
vided that the weight c^ can be raised to, or approximately 
near the vertical position before starting to move the switches, 
the object being that the shunter shall not at the same time 
have to raise the weight c* and move the switches. When the 




rod / is connected to a slide m having a projecting boss n 
adapted to freely embrace a rod forming part of a frame 
p arranged to be laterally slidable upon beds q carried by the 
sleepers. The rod o is surrounded by a pair of springs o* one 
of which bears against one side of the boss n and one of the 
longitudinal rails of the frame whilst the other bears against 
the opposite side of the boss n and the other longitudinal 
member of the frame. When the operating lever is pulled 
from right to left the frame p moves from left to right. In 
doing so studs carried by the frame engage with the upwardly- 
projecting arms h* of the rocking levers h and cause the fac- 
ing points to be raised and lowered. In fig. 2 the frame p is 
shown connected directly to the cams by short links p^. 
(Accepted i6th January, igo8,) 

Signalling Apparatus. 1,616, 22nd January, igoj, 
J, H. Buckley, 181, Worsley Road, Little Hulton, near 
Farnworth. 

A lever or ramp h mounted between the rails and operatively 
connected with the ordinary signals so as to be raised and 
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lowered therewith, is arranged to actuate signalling 
mechanism on the engine or train through a spring wheel 
or spring rim / mounted on an axle on the lender or guard's 
van. On coming in contact with the ramp b the wheel / is 
deflected and operates a signal such as a whistle p through 
suitable connections. (Accepted if)th January^ igoH.} 

Electrical Signal Lock. 29,626. 2nd September^ 
igoj. Siemens Bros, and Co.^ Ltd.^ 12, Queen Ann's GatCy 
Westminster. A communication jrom Siemens and Halske 
Actiengesellschafty j, Askanischer PlatZy Berlin, 
This invention relates to electrical locking apparatus for sig- 
nalling mechanism of the kind described in Specification No. 
2,923, of 1872, in which a rod having been pressed a scape 
segment is operated by an anchor which, being the polarised 
armature of an electromagnet, is oscillated by a series of 
alternating currents. In order to prevent the rod being 
pressed dow^n a second time before the parts have been re- 
turned to normal position the present invention provides a 
system of levers directly influenced by the rod and the spindle 
of the scape segment. The system of levers comprises two 
levers c, d, each turning on the fixed pin e. In normal posi- 
tion the lever c is drawn by spring i against a stop / carried 
by the lever d. A second spring h keeps the lever d with its 
nose d^ engaged with the flat surface of the spinflle b of the 
scape segment a which spindle is of semi-circular cross section. 
In this position of the parts the segment is locked and the 
collar / on the rod k can pass the lever c when the rod Is 
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pushed down to assume the position shown in fig. 2. During 
this movement a second collar m on the rod pushes aside the 
lever d so that the pin / recedes from the lever c, which, how- 
ever, cannot follow the pin being prevented by contact with 
collar /. When now the scape segment is brought into the 
position shown in figs. 2 and 3 and the pressure is removed 
from the rod so that it is lifted by spring o into its normal 
position, the nose d} of the lever d bears against the curved 
surface of spindle b and the lever cannot return to normal 
position. Thus the lever c is drawn by its spring i until it 
takes under the collar /, in which position it prevents the rod 
fc from being depressed. When the escapement is returned 
to normal position, the flat surface of spindle b allows lever 
d to return and by engagement of its pin / with lever c to 
bring the latter back into its original position, thus unlocking 
the rod fe. In order that spring h may not have to overcome 
the tension of spring t, the latter may be attached to lever d 
instead of to the framing of the apparatus. By modifying the 
apparatus as shown in figs. 4 and 5 a single spring may 
suffice. The lever d turns on a pin ^ carried by the framing 
while lever c turns on a pin e^ carried by the lever d and the 
spring p is attached at one end to the lever c at a point between 
e^ and e- and at the other end to the framing ; thus the spring 
tends to turn the lever J in a clockwise direction and lever c in 
the opposite direction. The pin e^ acts as the stop for the 
lever c. (Accepted 2jrd January y igo8.) 

Sanding Appliance. iiy4>^7. i6th May, igo'j. H. E. 
Greshaniy Craven Iron Works, Salford, Lancaster. 
The sand trap a intended for use on locomotives, has a rota- 
table spindle b mounted longitudinally and parallel with the 
aperture or passage c which extends through the body a. At 
its upper end the spindle b carries a valve plate or shutter d 
adapted to close the upper end of the throughway passage c. 
At its lower end there is fixed to the spindle b a "handle plate 
e adapted to close the lower end of the throughway aperature 
c, and to serve for the rotation or semi-rotation of'the spindle 



b whereby the valve opening and closing movements are 
efl"ected. The lower portion / of the body part a of the trap 
is extended laterally to form a weather guard to cause the 
rain or moisture trickling dov/n the trap to drip clear of the 
same; the edge of the guard or shield /, or a portion of it, is 
made to a semi-circular form and serves as the path for the 
nose of a spring controlled position peg g fitted in the grip or 
handle end h of the handle plate e. In the normal working 
condition of the apparatus the lower end of the throughway 
aperture c in the sand trap is closed by the handle plate e, 
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whilst the upper end of the aperture is open as the valve d at 
the upper end of the spindle b is then turned away from or 
clear of the aperture c. The spindle b and its respective valves 
dy Cy or their equivalent, are prevented from accidental move- 
ment from their normal positions by the engagement of the 
position peg g with a notch or groove i in the semi-circular 
edge of the weather guard or rain shield /, Dut should an 
obstruction occur in the sand trap, access can be readily 
obtained thereto by moving the grip or handle plate e at the 
lower end of the spindle 6, against the action of the spring 
position peg gy thereby opening the lower end of the through- 
way aperture c of the trap and simultaneously closing the 
upper end to shut out the sand from the sand box. After the 
removal of the obstruction, a return movement of the spindle 
b restores the parts to their normal position so that the work- 
ing of the apparatus may be resumed. (Accepted joth 
January, igoS.) 

Block Signal System. 6,ijj. ijth March, igoj. 
The British Thomson-Housfon, Co., Ltd., 8j, Cannon Street, 
Londony E.C. [a communication from the General Electric 
Company, Schenectady, U.S.A.). 

This invention relates to a block signal system for electric 
railways in which both rails are electrically continuous and 
serve as the return circuit for the power current and also as 
the circuit for alternating signal currents. Transformers 
E, ES with normally open contacts, are connected at intervals 
across the rails, the contacts being closed by the energising 
of electro-magnets G, G^ on the approach of a train or 
vehicle. Normally all the circuits are open and no current 
is flowing in any of them. When a train reaches an insulated 
section J, the axles of the train circuit connect the section 
to the opposite rail, thereby completing a circuit from the 
upper terminal of a battery g through the magnet G*, the 
upper rail A, the train-axles, and insulated section J to the 
lower terminal of the battery. The magnet G^ consequently 
is momentarily energised and draws up its armature. Assum- 
ing that the right hand magnet G has been thus energised 
by a train approaching from the right when it draws up its 
armatures a maintaining circuit for itself is closed from 
the upper terminal of battery g though the magnet winding 
G and through the upper armature, and the contact k^ con- 
trolled by the signal H to the lower terminal of battery g. 



Diaitized bv 



Google 



May, 1908. 



The Railway Engineer. 



169 



Consequently, the magnet G does not drop its armatures 
when the train passes from the insulated section, but holds 
them closed. The raising of the lower armature serves first 
to break the circuit of the track winding /- of relay F, and 
then to close the circuit of the transformer E. The purpose 
of closing the transformer circuit is to energise the relay F^ 
for the block which the train is about to enter, while the open- 
ing of the track winding of relay F is to prevent its acting 
as a short-circuit for the transformer winding. When the 
transformer E is thus connected to the track, it supplies to 
the track-rails a current which energies the winding /• of the 
relay F^ if no rails are broken between the transformer and 
relay, and no train is in the section between, so as to short- 
circuit the relay. This circuit may be traced from the left 
hand terminal of the secondary of transformer E, through 
rcsistence e, lower rail A, resistance e^ winding /- of relay 
F^ contact k^ of signal H*, back contact and lower armature 
of magnet G^, upper rail A, lower armature and front contact 
of magnet G, to right hand secondary terminal. When the 
relay track winding is thus energised, a torque is produced 
on the secondary member / so that the relay contacts are 
closed, thereby energising the operating mechanism I of the 
signal H, which is consequently drawn to clear position tc 



from an insulated section J to the succeeding transformer. 
(Accepted^ gth January, igoS.) 

Fish Plates. 5,540. - 7//1 March, igoj. G. Estall, 
45, West Cromwell RoacU Kensington, London, S.W, 
The fish plates are formed with downward extensions C, 
which are curved around the bottom flange B- of the rail 
so as to make close contact with its under surface h"^, one of 
the plates of a pair being provided with a further and some- 
what similar extension D adapted to take under and support 
as at d the bottom of the other plate of the pair. The arrange- 
ment is such that as the plates A, A* are drawn towards 
one another and towards the sides of the rail by the tighten- 
ing of the fish bolts E, the primary extensions C on each 
plate will maintain close contact with the under side h"^ of the 
bottom flange B^ of the rail so as to support the latter and 
assist directly in counteracting the tendency of the rail joint 
to bend downwards, whilst the upper surface of the secondary 
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indicate to the approaching train that the block is clear. It 
will be seen that the transformer is at the entrance-end of 
the block and the relay at the exit end. There are two rea- 
sons for this arrangement, first, the circuits of the magnet G 
and its armatures are made shorter and simpler, and second, 
the point of which the relay F^ is short-circuited by an 
approaching train is made more definite. When the signal 
H clears, it first closes a second circuit for the transformer 
E through the contact W and then breaks the circuit of track 
winding /* of relay F at contact h^ and the maintaining cir- 
cuit of magnet G at contact fe^. Magnet G is consequently 
de-energised and drops its armatures, but the circuit of the 
transformer E is still closed and the circuit of relay winding 
/^ is still open at the contacts of the signal. These conditions 
are maintained and the signal remains at clear position until 
the train approaches so close to the transformer as to pull 
down the voltage supplied to the track an amount sufficient 
to cause the left hand relay F to drop its armature. This will 
occur when the train reaches a point a certain distance from 
transformer E determined by the frequency of the transformer 
cunent, the regulation of the transformer, and the design 
of relay F^ By employing a high frequency for the signal 
currents, to which the rails offer a high impedance, and by 
properly designing the transformer and the relay this dis- 
tance may be made one hundred feet, or even less. One rea- 
son for placing the transformer at the entrance end of the 
block is to make this distance determinate. If the relay were 
placed at the entrance end of the block, the distance at which 
the train would shunt the relay would be greater, and conse- 
quently more liable to variation. When the signal goes to 
danger, due to the near approach of the train to the trans- 
former E, the contacts controlled by the signal break the 
transformer circuit and close the circuit of winding /• of relay 
F, thereby restoring all the circuits to their original condition, 
with no current flowing in any of them ; thus it will be seen 
that no current at all is employed in any of the signal circuits 
as long as no train is running, and for each train a certain 
amount of current is employed while the train is running 
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extension D on the one plate A will at the same time main- 
tain close contact with the bottom of the other plate A* and 
thus assisting in preventing flexure of the rail joint by counter- 
acting the tendency of the latter fish plate to bend vertically. 
In order to ensure this result, the mutally contacting sur- 
faces of the two plates, as indicated at d, are made not 
parallel to the direction in which the plates move when 
drawn towards one another, in other words are not made 
transversely horizontal, but are made with a slight 
transverse inclination such that the mutual approach of the 
plates will, in consequence of the wedging action produced, 
cause the primary extension C of the plate A* to tend to 
ride upwards upon the secondary extension D of the plate 
A, with the result that the primary extension will the more 
forcibly contact with the bottom surface fc^ of the bottom 
flange B^ of the rail. (Accepted, 2nd Jiwuary, igoS.) 

COMPLETE SPECIFICATIONS ACC:EPTEI:). 
1907. 
Brakes for tramway cars. Howard. 
.\ulomatic fog-signalling apparatus for railways and the like. 

Means for controlling the locking of railway carriages and 
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Railway signalling apparatus. Buckley. 
Facing point switches for railways and tramways. Tavlor. 
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Buffers for railway wagons or like vehicles. Rigley. 
Form of coupling for railway wagons and other vehicles. 



750. 

Davjes. 

8^7. 
the like. 

1616. 

2312. 

2413. 

2f)S6. 

3604. 
Jackson. 

3775- 
4092. 
4158. 
signals. 
4274 



Couplings for railway vehicles. Marks. 
Railwa\ train speed-reiording apparatus. Shortt. 
Apparatus for operating and controlling railway points and 
Mtnard. 

Interlocking apparatus for railways and tramways. Edmonds, 
and McKenzie and Holland, Ltd. 

4512. Railway and tramway vehicles. Gresley. 
55.^0. Railway fish plates. Estall. 

^K^3- Signalling systems for railways and the like. British Thom- 
scn-Hcuston Co. 

6308. Spring locks for railway-carriage, brougham and other doors. 
Galley, Hunt and Du Puy. 
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is normally held closed by an electro-magnet in a local cir- 
cuit on the engine. The **all right** and ** danger ** in- 
dications are also operated by electro-magnets. The whistle 
electro-magnet has a resistance of 1,000 ohms, the electro- 
magnet operating the " danger " indication 100 ohms, and 
the electro-magnet operating the *'all right** indication 
10 ohms. A common battery on the engine supplies current 
for all three electro-magnets, the operation of which is as 
follows : — The whistle electro-magnet ( i ,000 ohms) is in 
series with the *' danger ** signal electro-magnet (100 ohms) 
and current normally flows through these two electro- 
magnets. This current is sufficient to keep the whistle 
electro-magnet closed, but on account of the high resistance 
of this electro-magnet there is not sufficient current to 
operate the **danger *' indicator. At each signalling posi- 
tion a steel bar, called a ** Crocodile,** is provided, which, 
when the line is clear, is connected at the signalling posi- 
tion, by means of a switch operated by the wire working 
the semaphore signal, to the running rail. When the line 
is not clear the steel bar is electrically disconnected from 
the running rails. Two brushes are provided on the engine 
in connection with the circuit of the whistle and ** danger ** 
electro-magnets, so arranged that when the train reaches a 
signalling position these brushes make contact with the 
steel bar, and short circuit the whistle electro-magnet, which 
being de-energised admits of the whistle sounding. At the 
same time, owing to the short circuiting of the resistance of 
the whistle electro-magnet, sufficient current passes through 
the **danger** electro-magnet to admit of its operating the 
indicator needle so as to show ** danger. *' If the line is 
clear and the steel bar is connected with the running rails, 
in addition to the whistle electro-magnet being short cir- 
cuited, the ** all right ** electro-magnet (one end of which is 
connected to the mass of the engine and the other end to 
one end of the common battery on the engine), is owing to 
the steel bar being put in electrical connection with the 
running rails put in parallel circuit or shunt with the 
** danger ** electro-magnet, and on account of the lower re- 
sistance of the ** all right ** electro-magnet this causes the 
needle of the indicator to show ** clear.** 

(To be continued,) 



Official Reports on Recent Accidents. 

Neaf Goswick, N.E.R. On the 28th August. Lieut.'Col. P. G. von 
Donopt R.E.y reports that : — 

The 11.22 p.m. up goods train (6 coupled bogie engine, lender and 
20 vehicles) from Tweedmouth was derailed. The driver and fireman 
were killed. The engine turned right over into a ditch, 9 of the 
vehicles were completely destroyed, and 8 were much damaged. The 
guard in the rear van was so injured that he was unable to give evi- 
dence for three months. 

The engine and tender were fitted with the We-jtinghouse auto- 
matic brake and also with the vacuum autcm.-ilic brake apparatus, with 
which 17 of the vehicles of the train were fitted. 

The train was a braked goods train, i.e., a goods train all the 
vehicles of which were either fitted with the vacuum automatic brake or 
piped ; it was authorised to run at a speed of 55 miles an hour. 

Goswick Station is 5 miles on the up side of Tweedmouth on the 
N.-E. main line. The lines lie approximately north and south, the up 
line being on the east side. The (ioswick Station up platform is 300ft. 
in length, and immediately adjoining the south end of it there is a 
public road level crossing ; the station signal-box is situated on the up 
side of the line immediately to the south of the level cross- 
ing. At a point on the up main line, situated 260ft. to the south of the 
signal-box, there are the facing points of a connection leading to an 
up independent line, which commences at this spot and terminates at 
the next station, viz.. Beal, a distance of 3,390 yards. This up inde- 
pendent line lies on the east side of the up main line and there is a 
space of 6ft. between the two lines. The derailment of the train 
occurred on the up independent line, a short distance ahead of the trail- 
ing points of the connection. 

The up lines are provided with the following signals : — 

A distant signal for the up main line and a distant signal for the up 
independent line, both signals being situated at a distance of 1,065 yards 
to the north of the signal-box. 

The '* intermediate" main up signal 260 yards and the "main up" 
signal, 15 yards north of the signal-box. 

An up main line starting signal and an up independent starting 



signal situated alongside each other, 80 vurds to the south of the sicnaJ- 
box. • ^ 

The driver of an up train approaching Goswick obtains a very good 
view of all his signals, and he sights the distant signals when about 
1,400 yards from the signal-box. 

The next station north of (ioswick is Scremerston, distant 2 miles 
67 chains. 

The night is said to have been a very clear one. 

The connection at (ioswick leading from the up main line to the up 
independent is of the u^ual description, iboft. long and consists of a 
reverse curve, each portion of which is of 10 chains radius; there is 
practically no straight portion between the two curves, and no super- 
elevation is given to the outer rail in either case. It is clearly only 
suited for trains to run through at a low rate of speed. ' 

Regulation No. 148: "Engine-drivers of trains, when running 
through junctions to or froni lines diverging from the straight road 
must so reduce their speed as to ensure a steady passage for the whole 
train through the junction points and crossings'" 

The 11.10 p.m. up goods arrived at (joswick at ij.24 a.m.. and it 
ran through that station on the up independent line. Driver Bennett 
in accordance with Regulation No. 148. reduced his speed, ran through 
that connection at a speed of about 5 miles an hour, and arrived «t 
12.29 ani. at Beal, where it was brought to a stop by signal on die up 
mdepcndenl line. The reason fc»r running this train on the up inde- 
pendent line and for slopping it at Beal was in order to keep the up 
main line clear for the 10.55 P-m. express from Edinburgh to London, 
and which passed through (ioswick Station on the up main line at 
12.28 a.m., and through Beal on the same line at 12.31 a.m., at which 
time the 11.10 p.m. goods train was still standing there on the up in- 
dependent line. ^ 

At 12.28 a.m. when signalman Hay. who was on dutv in the Gos- 
wick box. had sent the train-out-of-section signal for the 10.55 P.n». 
express tram to the signalman at .Scremerston. the latter offered the 
former the 11.22 p.m. up goods train. Signalman Hay accepted this 
goods train forthwith, keeping, however, all his signals at danger, and 
at 12.31 a.m., when he rtMreived the train-out-of-section signal for the 
'u'^^'**.'"u ^^Pr^^^ *'^^*" ^'■^"^ signalman Brown, who was on duty in 
the Beal box, Hay offered Brown the 11.22 p.m. goods train. Brown 
did not accept the train, but he asked Hay on the telephone to keep all 
his signals at danger until he (Brown) had ascertained the whereabouts 
of the 11.15 Pni. up express train from Edinburgh to Newcasllr. Hay 
accordingly kept all his signals at danger, but at 12.32 a.m. he received 
a signal from the signalman at Scremerston to shunt the goods train 
for the express lu pass, and about the same time he saw that the 11.15 
p.m. up express train was reported as start inj^ from Berwick. Hay 
accordingly called up Brown again on the telephoni' and informed him 
that he had received the shunt signal from Scremerston, on which 
Brown instructed him to put the goods train into the up indetjend«it 
line. Hay states that at this time the goods train was approaching the 
distant signal, so he forthwith altered the junction points, setting the 
road for the up independent in lieu of the up main ; he still kept all his 
signals at danger, but when the train was close to the intermediate 
mam up signal he lowered that signal in order to allow the driver of the 
train to draw up to the main up signal. 

H, as signalman Hay asserts positively, the distant signal was at 
danger, driver Brown, who was in charge of the engine of ihe train, 
would, when upwards of 1.400 yards from the signal-box, have received 
the warning signal that he might expect to find some of the station 
stop signals at danger. The intermediate main up signal was un- 
doubtedly lowered as Brown approached it, but even before reaching 
this signal he obtained an excellent view of both the main up signal and 
the two starting signals, all of which Hay asserts to have also been at 
danger. Brown, however, failed to bring his train to a stand at these 
signals, and he ran past them at express speed. 

When the engine was examined after the accident it was found that 
the driver's vacuum brake handle was in the "running" position, in- 
dicating that the brakes had not not been applied to the train; the 
driver's Westinghouse brake handle had unfortunately been removed 
soon after the accident, when searching for the bi'dies of the driver 
and fireman, and its position was not noted before its romoval. No 
great reliance can, however, be placed on the conclusions drawn from 
the positions of any of the handles on the engine, as Iheir pcsitionh may 
undoubtedly have been due to blows received at the time of the derail- 
ment. 

From the evidence it appears to be certain that the braking arrange- 
ments of the train were all in good working order when it started from 
Tweedmouth ; it is very unlikely therefore that both the vacuum and 
the Westinghouse brakes should have become defective before reaching 
Goswick, and, as far as the evidence goes, it certainly points to the 
brakes not having been applietl before the accident occurred. 

It must, however, be pointed out that had there been any defect in 
the engine, owing to which driver Brown was unable to turn" off stea n, 
or had there been any failure of the automatic brakes, the fact shou'd 
have been disccvrr^d by him at all events when he sighted the distant 
signal, at which time he uoiild have been about 1.400 yards from the 
signal-box. I'nder iho'^e circumstances Brown should have, by meaf^s 
of his whistle, mad.» known the fact that he had lost coiitro'l of his 
engine. Acct:rding to the evidence, however, Brown onlv whistled 
when parsing ihrnugh (i(s\\irk Station, and it was onlv natural that 
he should do sm» at thai p<iint, as in addition to the stafinn there is a 
public road levol-cros^cing over which he was running. From the fact 
of his having made no use of his whistle before reaching the siaiicn it 



Digitized by 



Google 



May, 1908. 



The Railway Engineer. 



173 



seems therefore to be very improbable that driver Brown had losi con- 
trol of his engine. 

The evidence and facts appear therefore to point to the conclusion 
that the station signals were at danger, as slated by signalman Hay, 
and that the failure of driver Brown to act on the instructions thereby 
given to him was not due to any defect in the engine or to any failure 
of the brakes of the train. 

Brown was a driver of considerable experience ; he was 55 years of 
age, and had been 41 years in the N.-K, service; he had been promoted 
driver in 1889. Mr. Alfred Rymer, dih rict locomotive superintendent at 
Tweedmouih, and under whom Brown had been working for 3 years, 
gives him an excellent character, and he does not appear to have been 
addicted to drink. In ihe history of his services there are three entries 
against him of having over-run signals, one entry of ever-running a 
platform, and two entries of omitting to s'.op at stations where he was 
due to do so. The last of these offences occurred in 190 1. 

Fireman Nicholson, who was on the engine with driver Brown, is 
also given a very good character, and there are no entries of any sort 
against him in his history of services. He was a teetotaler. 

Foreman Smith, who saw both Brown and Nicholson before they 
started from Tweedmouth on this journey, states that they were both 
perfectly sober and thoroughly fit for their work. Both had been on 
duty for loj hours on the previous night, and signed off duty at 8.30 
a.m. on the 27th; they had then come on duty again at 10.15 p.m., and 
they had been 2^ houis on duty when the accident occurred. 

.\ttention must be called to a somewhat strange piecc^ of evidence 
given by brake examiner Athay. He states that, after having seen the 
brakes of the train duly tested at Tweedmouth (»n the night of the acci- 
dent, he went on to the engine and had some conversation with driver 
Brown with reference to driver Bennett, who was in charge of the 
engine of the ii.io p.m. goods train which was preceding the 11.22 p.m. 
train, .\thay stales that he himself remarked that driver Bennett's 
train would be put into the independent line at (ioswick, and that 
driver Brown would have a chance of passing him : Brown replied that 
he wojld have a chance of doing so. Fireman Nicholson remarked that 
he had been on the same job once or twice before, and that he had never 
seen it done, on which driver Brown remarked that he had seen it done 
twice or thrice, and that he would have a chance of getting into New- 
castle before driver Bennett if the express train was not too close on 
him. .Vihay sates that it was he himself who started this conversation. 
From the above conversation it is clear that driver Brown had an idea 
in hif mind that the 11.10 p.m. goods train would be put into the up 
independent line at Goswick in order to clear the up main line for the 
10.55 p.m. express train ; and that, consequently, if only he could keep 
well ahead of the 11.15 ?•"!• express train, there was a chance of his 
own train being being allowed to run through on the up main line 
whilst the 11.10 p.m. train was si ill detained in the up independent. 
One would think that the fact of Brown having this possibility in his 
mind would have been a special incentive to him for keeping a sharp 
look out for the positions of the Ooswick signals, and, from that point 
of view, it seems therefore to make it the more unlikely that he should 
h.ivc (ailed fo observe the positions of these signals when he was 
approaching them. On the other hand, it is possible that Brown had 
got such a strong conviction that he would be allowed to run through 
on the main line that the necessity for looking for hi^ signals escaped 
him. Thi:^ will certainly account for the speed at which he was run- 
ning, and it may also possibly be the explanation of his omission to 
observe his signals ; there seems no doubt whatever that driver Brown 
did omit to do so, and that it was to this omission that the accident was 
due. 

There are three points which call for notice. 

(i) It appears from Hay's evidence that, when he accepted the 
I J. 22 p.m. up goods train from the signalman at Scremerston, the junc- 
tion points ahead of his signal-box were lying set for the up main line. 
Regulation No. 4, for block working on double lines of railway, slates 
that, after permission has been given for a train to approach, no 
obstruction of the line must be allowed until the train has been brought 
to a stand at the home signal. Hay states, however, that he altered 
those points, setting the road for the up independent after he had 
accepted the goods train, and at the time that that train was approach- 
ing his distant signal. Hay states that his intention was to stop the 
train at the signal-box, so there does not appear to have been any neces- 
sity fur his having shifted the points until the goods train had been 
brought actually to a stand. As a matter of fact, if Hiiy had strictly 
adhered to the rule, the derailment would not have occurred as, though 
it would not in any way have prevented driver Brown running past his 
signaU, his train would not have run through the connection leading to 
the up independent. 

(2) The Company's Regulation No, 40 is to the following effect : 
"When the starting signal is at danger the home signal must not be 
lowered for the approaching train until the train is close to the home 
signal and has been been brought quite or nearly to a stand at it." 
In the description given above of the up signals at ("loswick it will be 
noted that there is no signal called the up home signal. The signal 
known as the intermediate main up signal, which is the one which 
would be put to danger for the proleition of a train stopping at the up 
Go-iwirk platform, certainly appears to be the one which should be 
called the up home signal, and to which the Rule quoted above should 
refer. Tt is clear, however, that Hay did not regard that signal as 
hping his home signal, for he states in his evidence that he lowered his 
intermedinte home signal in order to allow the driver to stop at his 
homn signal, so that he could caution him into the independent. From 
this it Ls clear that Hay regarded what is known as the nuiin i:p signal 



as his home signal. He consequently did not consider that it was 
necessary for him to defer lowering the intermediate main up signal 
until the train had come nearly to a stand, and it is quite evident from 
what occurred that the train was going at a very high rate of speed at 
the time that that signal was lowered. The nomenclature of the 
signals is confusing, and under these circumstances Hay cannot be 
blamed for his action in the matter. The Company should alter the 
names of these signals so as to bring them more into unison with their 
Regulations. 

(3) The two goods trains concerned in it were due to leave Tweed- 
mouth at n.To p.m. and 11.22 p.m. respectively, whilst the two express 
passenger trains also concerned in it were not due to arrive there till 
12.18 a.m. and 12.32 a.m. respectively. Had the goods trains therefore 
started punctually to time they would both have been about an hour in 
front of the express passenger trains, and they would both have been 
able to run through on the up main line without any shunting or 
delay, and this accident would not have occurred. But the fact of both 
the goods trains starting about an hour late placed them immediately 
in front of the express trains and entailed the delay and shunting 
between (ioswick and Beal which resulted in this accident. This may 
therefore be regarded as one of the numerous accidents which would 
not have occurred if punctuality had been observed. 

•X- 

Birmingham Corporation Tramways. On OcUber tst. Col, H, 
A, Yorkct reports thai \ — 

Car No. 22 ran away down Warstone Lane and overturned at the 
corner of Icknield Street, striking an overhead standard as it fell. Two 
passengers were killed and 12 were injured. 

The car was of the 4- wheeled, double-decked type, fitted with a hand 
brake, an electric rheostatic brake, and a magnetic track brake, 4 
Sanders, and a lifeguard of the trigger type. Its total length was 27ft. 
bins., the wheel-base being 6ft. The gauge is 3ft. 6ins. 

There were about 16 passengers, half of whom were on the top. 

Warstone Lane is about \ mile long, the gradients being from the 
top: I in 143*8, I in 22*7, 1 in 17, i in I9'7, and i in 36*6. It is 
straight, but at the bottom the curve has a radius of 40ft. to the right. 
The superelevation of the outer rail at the centre of the curve is ifins. 
The regulations provide that all cars shall stop at both the top and 
bottom of the hill, and that the speed round the curves shall not exceed 
4 miles an hour. 

The immediate cause of this accident was the action of Inspector 
Hall in taking the car down Warstone Lane with a defective magnetic 
track brake, and experimenting with that brake on the incline. Had 
he applied the hand brake before starting down the incline no accident 
would have occurred, as the gradients are such that the car might well 
have been controlled by means of the hand brake only, the only pre- 
caution necessary being that the hand brake should be applied at the 
commencement of the hill, so that the speed of the car should be checked 
from the outset. That this is the case is proved by the fact that motor- 
man Mountford had already taken the car down the hill that morning 
by means of the hand brake only. Inspector Hall seems, however, to 
have selected this hill for the purpose of testing the magnetic brake, and 
did not attempt to apply the hand brake until the spe^ of the car was 
far beyond its control. 

In drawing the attention of Inspector Hall to the defect in the 
magnetic brake, motorman Mountford seems to have complied with the 
rule, and the responsibility for the accident must rest upon Inspector 
Hall, whose action was entirely contrary to the spirit of the last sen- 
tence in the rule, which forbids motormen to run a car not under 
absolute control. 

The failure of the magnetic track brake to act on this occasion is 
said to have been due to a broken "grid" in the fourth resistance box 
on the car. According to a statement made by Mr. C. W. Hill, elec- 
trical engineer of the Corporation Tramways, the controller at "No. 2" 
end of the car, and the insulation of the cabling and wiring of the car, 
was after the accident found to be in good order, and the only defect that 
could be discovered was the broken grid. The resistance boxes, of 
which there are five, are in use both for propelling and braking pur- 
poses, and it might be thought that such a fracture would be discover- 
able, not only when the magnetic brake was in use, but also when cur- 
rent was being supplied from the trolley wire for the purpose of starting 
the car. Mr. Hill's theory is that the electrical pressure of the current 
for driving purposes would be sufficiently great to bridge the gap 
formed by the fracture, whereas, in the initial stages of braking, current 
generated by the motors acting as generators would have a low pressure, 
and would not be able to overcome the interruption in the circuit. Ex- 
periments made by Mr. Trotter, the electrical adviser to the Board of 
Trade, hardly support this theory, as it was found that a current of 10 
amperes, which is probably less than the usual current passing when 
cars are starting from rest, is sufficient to cause fusing to take place 
between the two opposing ends of the fracture and between the sides of 
ih#» broken and adjacent members of the grid. No such signs of fusing 
were, however, discernible in this case. It is therefore impossible to 
say whether the above explanation of the failure of the magnetic track 
brake be the correct one or not. 

Af Widnes East Junction, Cbeshire Lines. On the 23rd DecemUr. 
Lt.'CoL E, Dniiit, R,E., reports that :— - 

The 4.42 p.m. goods train (6-coupled engine, tender. 13 loaded and 
2 empty wagons and 15-ton brake) from Huskisson to Guide Bridge 
was run into from behind by the 4.33 p.m. up passenger train from 
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Liverpool to Stockport. The driver and fireman of the gocds train 
were injured. The 8 rear vehicles of the goods train were derailed, 
fouling the down road. 

The main lines between Liverpool and Manchester run past Widnes 
East Junction approximately east and west (the up line to Manchesti^r 
being on the north side of the down line), and are quite straight. The 
branch line from Widnes runs from the south-west and joins the main 
line on a gradual curve, the double junction being just opposite the 
signal-box, which is on the south side of the down line. 

The home signal for the up main line is 139 yards west of the signal- 
box, and that for the up branch line a similar distance back on the left- 
hand side of that line. 

The next signal-box in rear on the main line is Farnworih Last 
signal-box, and is 1,078 yards west of Widnes f^ast Junction. The up 
home signal for Farnworih East box is 46 yards west of that box, and 
the up distant signal for Widnes East Junction is underneath and on 
the same post as this home signal. Thus the distance between the up 
distant and home signals for Widnes East Junction box is 985 yards. 
The up distant signal for Farnworth East box is 932 yards behind the 
up home signal. 

On the branch line the next box in rear is Widnes Junction South, 
999 vards back from the East Junction box. The up home signal at the 
south box is 83 yards south of the box. and Ihe up distant for Widnes 
East Junction is' underneath it, and so is 943 yards bnck from the up 
home signal. 

There is an up starting signal at the South box, 405 yards ahead 
of the box, but no inner distant signal for Widnes East Junction is 
provided underneath this starling signal. 

This collision was due to reckless driving by O. Downey, of the 
goods train. 

Harris (East Farnworth box) had previously offered the goods train 
to Widnes East Junction box, but it was no» accepted, so he kept his 
up distant, home and starting signals at danger, and they were all in 
that position when the goods train passed them. 

J. Castree, the guard of the goods train, states he could see the up 
distant signal for F'arnworth East box at danger, and i.lso the home 
signal for that box and the distant signal underneath it both at danger 
as his van passed them, and he also saw the fogman show a red hand- 
signal. He then put on his. hand brake as hard as possible, but this, 
of course, had no effect on the train. He states the train ran pretty 
fast past Farnworth East box, and was slowing down on approaching 
Widnes East Junction, and was just coming to a st«nd when the pas- 
senger train ran into it from behind. He jumped from the van just 
before the collision and was unhurt. 

The up line junction points were burst by the goods train, and that the 
up main home signal was at danger when Downey passed it. 

As soon as the goods train had run past the home signal at Farn- 
worth East box (and it also passed the up starting signal while at 
danger as well) signalman Harris at once sent the signal "Train run- 
ning away on right line" to Widnes East Junction, and W. Hill, on 
duty there, having accepted the passenger train, and having the home 
and distant signals lowered for it off the branch line, and also a down 
mineral train approaching to run on the down branch line, at once 
threw all his signals to danger, and did all he could to stop the pas- 
senger train by sending his fogman to put detonators on the branch 
lines. .Also, finding the goods train had run past the up main lire 
home signal at danger, he did his best to get it to go right away by 
shouting to the driver, but it stopped about 95 yards beyond the 
junction. 

Driver Vick, of the passenger train on the branch line. wa> running 
with all signals off for him, including the distant signal for Widnes 
East Junction, but had reduced speed to about 25 miles an hour on 
approaching the junction, and, finding the branch up home signal at 
danger, did his best to stop his train, but he could only reduce speed to 
about 10 miles an hour before he collided with the rear of the goods 
train. 

After the collision, Downey, without waiting for any instructions, 
or seeing anybody, at once started away with four wagons which were 
still attached to his engine, passed the up starting signal at danger 
and went to the next station. Sankey, where he left the wagons, and 
then took' his engine to Warrington. Th*»re is no doubt but that 
Downey was perfectly sober both before and after the collision. He is 
nearly 49 years of age, but has the appearance of a much older man. 
He had been on duty less than one hour, after a rest of 13 hours. He 
has a fairly good record as a driver. 

At Widnes East Junction box there is not an inner up distant signal 
for Widnes East Junction underneath tho up starting signal of the 
signal-box in rear on both the branch and main lines. Had there been 
one underneath the up starting signal for Widnes Junction South box 
on the branch line it would have been thrown to danger by the signa'- 
man at Widnes East Junction before the passenger train passed it 
(being only 455 yards away from the up home signal for the I'^ast 
Junction box), and the driver of the passenger train would have re- 
ceived a warning to bring his train under contrul. ready to stop if 
necessary at the up home signal. These inner distant signals should 
be provided as is usually done in similar cases. 

Af Forth, T.V.R. On ihe 2ud Dtcenifnr. U.-CoL E. Dntii/, K.E,, 

rf forts that : — 

After an up train of 53 empty coal wagons and io-t<in van had bf'on 
assisted up the incline on the Ferndale branch line above Pf^rth Static n. 



a coupling broke, and the rear portion of the train ran back along the 
down line, and fcrted the banking engine into a passrnger train standing 
in the bay road at the station; 24 passengers complained of injuries.. 

The ihree first passenger coaches were badly damaged; la of the 
empty wagons were derailed, and the engine slightly damaged. 

l-eaving Forth the up line of the Ferndale branch rises at i in joq 
for 88 yds.. 1 in 70 for 66 yds., i in 53 for 308 yds., i in 47 for 176 yds., 
I in t>7 for 24 J yds., and 1 in 72 for 273 yds. 

The train of empty coal wagons from Cardiff to Maerdy ran through 
Forth Station on the up main line and up the Ferndale branch, coming 
to a stop at the .Aber Khondda signal-box starting signal at about 9.23 
p.m., most of the train being on a gradient of i in 53, but the engine 
and leading wagon on a gradient of i in 47. It waited here about 10 
minutes for a banking engine to come on behind to assist it up the steep 
gradient of i in 47 and i in 67 to the next signal-box viz., Ynishir 
House. 

As soon as this engine arrived behind the train, and the usual «tgnal 
had been given, signalman J. B. Davies. at .\ber Rhondda agnal-bnx. 
lowered his starting and advance starting signals for the train to procfed, 
which it did, and came to a stand at the Vnishir House box home signal. 
As soon as the train stopped, driver John Davies, on the banking 
engine, whistled for the cross-over road to be 5et for him to return to 
Forth Station (to join his train standing in the bay road) on the down 
line. The engine was only just ahead of the points of the cros.vovcr 
road when the train stopped, and as soon as the disc signal was set 
for thp engine to return, it started, and the reur wagon and brake van, 
being on a steep gradient of i in 67, commenced to move back slowly, 
as they had been buffered up coming up the gradient by the banking 
engine in rear. 

As soon as the strain came on the coupling of the second wagcn from 
the engine, which was on the drawbar hook of the third, it immrdiatelv 
parted, and the rear 51 wagons and brake van commenced to run back 
through the cross-over road on to the down line, following the banking 
engine. 

John Davies, the driver of the banking engine, did not realise that 
the train had broken loose until he had gonr .some distance back on 
the down line, but as soon as he discovered it he slowed down, and met 
the runaway brake and wagons, at a point about 490 yards from where 
they had commenced to run back, and about 2}^o yards from the standing 
carriages in the bay road at the station. He ihen put all his brakes 
hard on, dropping sand, and did his best to stop th/» wagons, but he only 
succeeded in reducing their speed from about 12 to 6 or 7 miles an hour 
before he was forced back on to the standing carriages He states that 
he would havf* met the wagons with greater ft>r(.e, and tried to derail 
some, had he known there were so many, but being dark he could only 
see the lights on the guard's van moving back towards him. 

H. Gibbon, the guard of the empty wagon train, applied his brakes 
as hard as possibl?*, as soon as he found his van was moving back 
through the cross-ovtr road on to the down line, and did his best to 
attract the attention of the banking engine by whistling, but failed. 

Signalman J. B. Davies, in .\ber Rhondda box, did not notice that 
the wagons were following back after the banking engine until they 
were opposite the signa!-b<tx, 200 yards or so below the point they 
started from, ard the banking engine had gone loo far beyond the box 
fo- \\^^^ to gel the drivir's attention. H»* at once gave the *' Train 
running away on right line " signal lo Rhondda Farh signal-box, and 
J. Price, the signalman there, at once ran to set the road so as to turn 
the runaway wagons out on to the down line, from which a passenger 
train had just departed. The road was at the lime set for the banking 
engine to go back on to iis train in the bay line, and to change the 
road to lead to the down main line seven lever movements are necessary, 
and Price had only time to get the first five completed before the 
banking engine got on the lock-bar of the facing points where the 
diversion would have been made, so he could rot unbcjlt them. These 
facing points are only 120 yards below the point where the banking 
engine met the runaway wagons. Priie had no time to give any 
warning to the station staff to gel the passengers out of the standing 
train. 

The collision was entirely due to the unfortunate breaking of the 
coupling, and all the men concerned actrd with promptitude and did 
their best to prevent an accident. Driver John Davies is highly to be 
commended for meeting the runaway wagons with his engine, and 
thereby reducing their speed. Had this not been done the results of 
the collision might have been disastrous, and lives lest, as the standing 
carriages were well filled with passengers. 

The wagon of which the coupling broke was an ordinarr n»-!on coal 
wagon belonging to D. Davis and Sens. The link hud apparently 
been originally of i^in. diam., but was sfMnewhat worn and out of 
shape. The fracture .vas at the bow of ihe link, and was caused by an 
excefdi.ngly faulty weld, in which there was a large flaw, little more 
than two-thirds of the total area being in toniacr. The diaineipr across 
the broken ends was i^j in. vertically and iJJ hc-rizontallv. The metal 
of the link generally was so crystalline that when the link was pulled 
from the drawbar hook (»f the wagon behind, ir broke Into two separate 
parts, snapping also at the other end of the link and showing a clean 
fracture. The diameter at the end was iH'"- Jt will be seen that this 
coupling does ntit comply with the standard sperification for private 
owners' wagons in that the weld was at the end of the link and not at 
one side, so presumably it was manufaclur»d some vears ago. It was 
impc .s^ible 10 detect the llaw. as it was in the cenlre'of the link, and a< 
there was metal holding all round it, no crack was \isible on the sur- 
fate. 
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Sir Fred. R. Upcott, K.C.V.O., C.S.I., late chairman 
of the Indian Railway Board, has been elected director and 
deputy-chairman of the East Indian R. 

Mr. W, A. Mount has been elected a director of the 
Didcot, Newbury and Southampton R. 

Mr. Thos. Evans, president of the S. Wales and 
Monmouthshire Freighters* Association, and of the Con- 
ciliation Board of Shippers and Coal Trimmers, and direc- 
tor of the Ocean and other Colleries, has been elected a 
director of the Barry R. 

Lord Claud Hamilton, chairman, Great Easter R., 
has been elected a director of Hadtield's Steel Foundry Co., 
Sheffield. 

Mr. H. G. Gregg, of Clonmore, Stillorgan, has been 
elected a director of the Midland Great Western R. of Ire- 
land, in succession to Sir Ralph Cusack, who was for 
many years chairman, and who has now resigned his 
seat at the board. 

Mr. Jas. C. Inglis, general manager, Great Western 
R., has been elected to be president of the Institution of 
Civil Engineers from November next. 

Mr. Vincent Hill, general manager, South Eastern 
and Chatham R., has been made an officer of the Legion of 
Honour of France. 

Mr. Cedric V. Godfrey, police superintendent, Mid- 
land R., has been appointed chief constable of Sal ford. 



Mr. John Newlands, assistant stationmaster at Glas- 
gow Central, has been appointed district traffic superinten- 
dent of the Caledonian R. at Edinburgh, in succession to 
Mr. J. M. Kinghorn, who has retired. 

Mr. Edward Roche, of the L. and South Western 
R., has been appointed resident engineer of the Somerset 
and Dorset R., -in succession to Mr. J. J, Tyler, who 
has removed to the engineers* department at Waterloo. 

Mr. A. J. Pringle has been appointed chief assistant en- 
gineer of the Buenos Ayres Great Southern R., and 
Mr. W, Jackson has been appointed telegraph super- 
intendent in succession to Mr. J. Brayshaw, who has 
retired. 

North- Western New Irish Service via Kingstown. 
The attempt by the City of Dublin Steam Packet Co. to pre- 
vent the L. and North Western R. from using the Clarence 
Pier for their new day-service to Ireland has failed so far, Mr. 
Justice Eve dismissing the petition of right with costs. 

The idea was that by using the Clarence Pier the L. and 
N.W.R. boats would interfere with the mail service, for 
which the City of Dublin Co. receive a subsidy of ;^' 100,000, 
being efficiently worked as heretofore. Should the City of 
Dublin Co. find the alleged difficulties to be insurmount- 
able the remedy would appear to be simple, viz., to 
hand the service over to the railway as, presumably, 
they will have to do vyhen the railways are nationalised. 

Western Syndicate Cab Signal. 

After fourteen months* trial the Great Western R. Co. 
have now received an official intimation from the Board of 
Trade approving of the arrangements installed on their 
Fairford Branch. This approval not only applies to the 
use of the system as a cab-signal when fog prevails, but 
to the more important feature, viz., dispensing with the 
distant signals. 

Conciliation Boards. 

The Board of Trade has issued the results of the ** Railway 
Elections** on the Gt. Western, L. and South Western, 
Somerset and Dorset, Taff Vale, Alexandra Docks, Port 
Tabot, Rhymney, Hull and Barnsley, and L., Tilbury and S. 
railways. Occasionally, very occasionally, one of the can- 
didates **run'* by the A.S.R.S. has been defeated, but, 
generally speaking, they have been elected by substantial 
majorities. 

The only exception worth mentioning is that on the 
G.W.R., the A.S.R.S. men failed to secure any of the 
six seats of the A or Loco, division — the men evidently 
preferring to be represented by men belonging to the Loco. 
Engineers* and Firemen's Association. 

North-British R. Official Guide. 

We have received a copy of the N.R.B. Official Guide, the 
descriptive contents of which fully justify the title of The 
Beauties of Scotland. It is copiously illustrated, the illus- 
trations being happily selected and well executed. The 
book is of a handy size for the pocket, contains a good 
map, and it is in every way equal, if not superior, to the 
American and German railway guides, about which so 
much is said by those who always prefer to extol foreign 
to home productions. 

Medical Examination of Drivers. 

Ik his report of the result of his enquiry into the causes 
of the accident last January on the Chequerbent bank on the 
L. and Nortli Western R., Col. Yorke says that he considers 
the erratic handling of the heavy banking engine was due 
to the fact that the driver was in the last stages of a fatal 
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malady, viz., diabetes, and remarks that the case ** points to 
the desirability of a more frequent medical examination of 
engine drivers, especially after a man has been absent from 
duty for some months owing to a serious illness.*' 

Both railway companies and the travelling public ought 
to be grateful to the Chief Inspector of Railways for this 
expression of opinion, and it is to be hoped that in future 
when there is any dispute as to whether signals are '* on *' 
or **ofT" the Board of Trade inspectors will take their 
courage in both hands and have the enginemen and others 
concerned properly examined medically. There would be» of 
course, great opposition to such examinations, as the follow- 
ing resolution passed on March 22nd, at Hull, indicates. 

Eyesight Test, — ** That this meeting protests against the 
** system of eyesight test at present in operation on the N.E. 
** We do not object to men joining the service of the company 
*' being medically examined, but when once in the service 
'* any further test should be of ability to perform his ordinary 
*' duties.'* 

Resolutions like the above strike terror into the Board 
of Trade, and the President recently stated in Parliament 
that new departures in the way of medical examinations 
for enginemen will not be justified at the present time. 
Quite recently the driver, W. Patterson, in charge of the 
1.45 p.m. express from Newcastle to King's Cross, had a 
fatal seizure when the train was at Lamesley, four miles 
from Newcastle; the fireman took the train to Birtley, where 
the driver died, and where a porter was obtained, and, with 
his assistance, the train was taken to Durham, where 
another driver took charge. At the inquest the jury found 
that Patterson's death was due to fatty degeneration of the 
heart, and added a rider to the effect that drivers and fire- 
men should be subjected to periodical medical examinations. 

Surely, in this case we have all the elements necessary 
to cause a Shrewsbury disaster. The point which affects 
railway companies is whether, under the circumstances, 
they would be liable to pay compensation should an accident 
occur owing to the sudden death of the driver. 

Col. Yorke continues to have a rough time at meetings 
of enginemen in consequence of his report on the Shrews- 
bury accident. He is accused of theorizing, and his 
analogies of men sleeping on horse and camcl-back are 
rightly, we think, scoffed at. Col. Yorke would have done 
better to have examined and quoted from the Accident 
Bulletins issued by the Interstate Commerce Commission, 
and in which are recorded several known instances of bad 
accidents being caused through the driver being asleep. We 
quote two, one from the Bulletin for the first quarter of 
1905 — the fireman was killed, driver asleep, overran passing 
place where he should have stopped, result butting collision, 
driver awake three minutes before accident. Another from 
the Bulletin for third quarter of 1904 — engineman fell asleep 
and entered yard too fast, fireman inexperienced, did not 
think to wake him till too late. 



Russia's New Railway Passenger Fares. 

The Messager Officiel has just published the new law regu- 
lating the fares on the Russian railways. A verst is equal 
to about two-thirds of a mile. The new rate will be 2^ 
farthings per mile third-class, including the State tax, for 
distances not exceeding 200 miles, but from 107 miles to 200 
miles one farthing additional will be added to every verst 
ticket. From the 201st mile the fare will not in future be 
fixed according to the verst distance, but will be calculated 
by zone, and for this purpose any portion of a zone shall be 
regarded as the whole zone. The normal fare will not be 
applied to any distances over 2,007 miles, and for distances 
beyond 2,007 niiles there will be an additional rate of lod. 
for every zone of 47 miles. The new fares will come into 
operation on July 14th, New Style, for local traffic and 
through trains, and on November 14th in the case of trains 
running in the suburbs of the big towns. Annexed is the 
new schedule : — 



201 miles to 333 J miles, 8 zones at Ci{d each. 
334 miles to 473^ miles, 7 zones at 7^1/. each. 

474 miles to htio miles, 8 zones at 8^^/. each. 

6(K>4 miles to 1,007 miles, 13 zones at rod. each. 
1,007-4 miles 1,907 miles, 30 zones at iijc/. each. 
1,907 miles to 2,007 miles, 3 zones at is, o^d, each. 

Canadian Pacific Railway. 

The Canadian Pacific R. is a wonderful property. It owns 
a line extending from the Atlantic to the Pacific oceans with 
thousands of miles of branch lines. The last annual report 
gives the grand total mileage as 10,239 miles, including 823 
miles under construction. It owns a line of steamers from 
Quebec to Liverpool and another from Vancouver to Yoko- 
hama; also lake and coast steamships. It owns the Dominion 
Express Company, which operates the express business over 
its lines ; also the telegraph lines which serve its territory, 
and its own parlour and sleeping cars. It owns a controlling 
interest in two United States lines — the Duluth, South Shore 
and Atlantic (600 miles) and Minneapolis, St. Paul and Saull 
Ste. Marie (2,282 miles). It owns 14,800,000 acres of un- 
occupied land. 

In a letter read before the Canadian Parliament last spring 
Sir Thomas Shaughnessy, president of the Company, showed 
that during the previous five years 28,000,000 dols. had been 
spent on equipment, 44,000,000 dols. on improvements to 
the existing lines, shops and roundhouses, and 35,000,000 
dols. for new lines and new Atlantic steamers. Last year 
700,000 dols. was spent on ocean, lake and river steamships, 
4,500,000 dols. on construction of new lines, 11,000,000 dols. 
on additions and improvements, and 13,500,000 dols. on 
rolling stock, shops and machinery. The gross earnings 
were 72,200,000 dols., against 61,700,000 dols. in 1906, an 
increase of 17 per cent. The net earnings were 25,300,000 
dols., against 23,000,000 dols. in 1906, an increase of 10 per 
cent. 

During the year 5,946,779,961 tons of freight were carried 
one mile, the average receipts per ton per mile of revenue 
freight being 0776 cents. The number of passengers carried 
(earning revenue) one mile was 1,052,286,316, the average 
amount received per passenger mile being 1*79 cents. 

On June 30th, 1907, the rolling stock was as follows : 
1,296 locomotives; 1,191 first and second class passenger 
cars, baggage cars and colonist sleeping cars; 224 first class 
sleeping, dining and caf^ cars; 51 parlour, official and pay- 
masters* cars; 40,405 freight and' cattle cars; '^22 conductors* 
vans ; 2,108 board, tool and auxiliary cars and steam shovels. 
— American Engineer, ^ 

**Webb" Prize and Indian Premium, Inst. Civil 

Engineers. 
The Council of the Institution of Civil Engineers announce 
that they have accepted on behalf of the Institution the 
legacy of ;^i,ooo bequeathed by the late Mr. F. W. Webb, 
for many years chief mechanical engineer of the L. and North 
Western R., to be applied to establish a **Wcbb Prize,'* to 
be awarded by the Council once in every three years, or 
oftener, as the Council may think fit, for the best Paper sub- 
mitted to the Institution on *' Railway Machinery,*' or upon 
some branch of Railway Machinery which may be prescribed 
by the Council. 

The Council also propose to award annually a prize to be 
called the ** Indian Premium'* to the Author (being a corporate 
member of the Institution in practice in India) of the best 
Paper received during the year on a subject connected with 
Indian engineering. This special award, which when made 
will be irrespective of any other recognition of the merits of 
such Paper which the Council may accord to it in the ordinary 
course, is derived from the proceedi? of certain trust funds 
conveyed to the Institution on the closing of the Royal Indian 
Engineering College, and will be of the value of about £22^ 
annually. ^ 

Locomotives for Queensland. 

QiTEENSLAND has entered upon a brisk railway-constructing 
policy, and has ordered 25 locomotive engines from Kltson 
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and Co. The Government of Queensland has also given 
orders for the construction of 25 engines locally, making 50 
in all. 



Th* 
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not an easy matter to level the plate and get it out of 
* 'winding.*' But Lane's door is much stilTer than it is po.s- 
sible to make a door with strips or even with a frame having 
welded corners. It is pressed out of a single steel plate 
/a in. thick, dished inwards to a depth of i^ins., and having 
a continuous corrugation of the same depth all round near the 
edge, as shown. In the case of double doors the edge of one- 
is joggled over the other and no joint strip is required. 
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Lane*8 Pressed-Steel Corrugated Wagon Door, 

Those who have had experience in making ordinary plate 
wagon doors stiffened with frames or strips will readily 
appreciate the advantages of the new door patented by Mr. 
F. Lane, general manager of the Leeds Forge Co., and which 
is illustrated by the annexed drawings. 

The plates of ordinary doors are frequently thrown out of 
truth by the riveting on of the strips and hinges, and it is then 



Goods waggns are frequently specified to be free from 
projections on the inside; to meet this the corrugations can be 
made specially rounded in form, and if necessary the dishing 
and corrugations can be on the outside of the door instead of 
inside, the plate being kept flat where required to take the 
hinges. 

From an actual test made, under the supervision of Mr. 
J. Falshaw Watson (Inspector for the Leeds District for Sir 
John Wolfe Barry and other engineers), with two doors of 
the same size, 4ft. by 2ft., each supported at two opposite 

Aw/7 Fastening t*'^/6'' 




Lane's Pressed- Steel Corragated Wagon Door. 
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edges, 3ft. loin. centres of supports, and loaded in the centre 
(one door being a corrugated door and the other a built-up 
one of the ordinary type), it was found that the 
corrugated door, notwithstanding the fact that its weight 
was only 80 % of that of the built-up one, deflected only a 
quarter as much as the latter. 

The built-up door was -^in. thick, stiffened with a frame 
I Jin. by ^in. weighing 94 lbs. loaded in the centre with 25 
cwts., deflected 3^in., with a permanent set of 2^ in.; with a 
load of 30 cwts. the door collapsed. 

The corrugated door was Vo in. thick and weighed 75 lbs. 
It deflected 3*2 in. and i^in. respectively with the same loads, 
without any permanent set. 

These doors are fitted to the Leeds Forge Co. *s own high 
capacity coal wagons and may be seen by anyone interested, 
and large numbers of them have been fitted on wagons for 
Indian, Egyptian, South American, South African, Chinese 
and other railways. 

Board of Trade Returns as to Failures of Rolling 
Stock and Rails 

The issue recently of the Board of Trade report on the derail- 
ment at Wembley* naturally leads one to search the annual 
returns as to the frequency of accidents due to similar causes 
— a broken spring of the engine tender. 

In going through these figures we found much that is 
interesting and instructive, and, at the same time, there are 
many items as to the accuracy of which we have doubt and 
which, as published, lead to a false impression of the posi- 
tion if the figures be incorrect, as we are inclined to think 
they are. 

Under the Railway Regulation Amendment Act of 1871 — 
34 and 35 Vict. c. 78— section 6 provides that notice must be 
sent to the Board of Trade of ** (i) any accident attended 
with loss of life or personal injury to any person whomsoever; 

(2) any collision where one of the trains is a passenger train; 

(3) any passenger train or any part of a passenger train 
accidentally leaving the rails; (4) any accident of a kind not 
comprised in the foregoing descriptions but which is of such 
a kind as to have caused or to be likely to cause loss of life 
or personal injury and which may be specified in that behalf 
by any order to be made from time to time by the Board of 
Trade.'' 

All such mishaps as reported by the companies are tabu- 
lated and presented annually in the '* General Report to the 
Board of Trade on the accidents that have occurred on the 
Railways of the United Kingdom," the last available one 
being for 1906, and in Table No. 12 of Appendix A thereof 
is a summary of the number of such accidents and failures as 
have been reported to the Board of Trade. The accidents are 
sub-divided into eleven heads and the failures into thirteen. 

From this Table we find that during 1906 there were 40 
collisions between passenger trains or parts of passenger 
trains and 37 collisions between passenger trains and goods 
or mineral trains or light engines. Then there were 75 cases 
of passenger trains or parts of passenger trains leaving the 
rails. But there were only 35 collisions between goods trains 
or parts of goods trains and light engines and only 19 cases 
of goods trains or parts of goods trains, light engines, etc., 
leaving the rails. We are inclined to believe that the com- 
panies faithfully report all passenger train accidents, but it 
is hard to credit that they do all that the Act of 1871 demands 
of them as regards goods trains and light engines. The Act 
says ** any accident .... of such a kind as 
to be likely to cause .... personal injury.*' Surely 
personal injury is possible in all collisions and in all derail- 
ments of light engines, but the decision would seem to rest 
with the clerk responsible for sending in the reports to the 
Board of Trade. 

We now come to the point that first attracted our atten- 
tion and which led to these observations. Under the heading 
of accidents to or failure of rolling stock or permanent way 
there are various sub-divisions. By anticipating part of our 
•This report will duly appear in our pages.— Ed. -A*.^. 



subject somewhat and giving the number of some of thcMi 
failures for the years 1904-5-6 and the mileage run during 
those years, and making comparisons with the year 1H75, we 
can show what some of these sub-divisions are. 

Year 1H75 1904 1905 190** 

Train mih*s, millions ... ... 309 397 400 414 

Bursting of boilers or tubes, etc jo 6 4 9 

Failure of machinery, springs, etc. 14 h 2 10 

Failure of tyres f)Oo 158 ido 137 

Failure of wheels ... ... ... 112 1 i i 

Failure of axles ... ... ... 47H 134 131 148 

F^ailure of couplings ... ... 29 13 40 21 

Broken rails ... 47b 335 20<j 2«t4 

It will be noticed from the above that there were 137 
cases of failures of tyres. From the return we learn that rjo 
of these were on **private owners' " vehicles. This leaves 
yy as occurring on the vehicles belonging to railway com- 
panies. Out of these it is stated that 36 occurred on those 
owned by the L. and North Western R. In order that we 
might be certain that this was not a misprint we turned to 
the reports for 1904 and 1905, but found the same strange 
fact — ^35 out of 78 and 42 out of 80. 

Knowing that the rolling-stock — both goods and pas- 
sengier — of the North Western is of the best, one is forced to 
the conclusion that they put an interpretation as to what 
has to be reported that is not shared by other companies — at 
least not the leading ones. 

It would seem then desirable that action should be taken 
by the Board of Trade to obtain uniform returns on all points 
that have to be reported upon, and also whether the tyres 
and axles which fail are of continental or British make. 

From the summary for 1906, from which the foregoing 
figures are taken, we learn that of the 137 tyres which failed 
14 were engine tyres, 3 were tender tyres, i was 
a coach tyre, 15 were van tyres, and 104 were 
wagon tyres. Of the wagons, 60 belonged to owners other 
than the railway companies; 53 of the tyres were made of 
iron and 84 of steel. One tyre was fastened by Gibson's 
patent method, 4 by Mansell's, 122 by bolts and screws — one 
of which left the wheel when it failed — and lo by other 
methods — 2 of which left the wheels when they failed; 2^ 
tyres broke at screw or bolt-holes, f)3 transversely and 46 split 
longitudinally or bulged. Of the 148 axles which failed, 93 
were engine axles, viz., 68 crank or driving and 25 leading or 
trailing, 15 were tender axles, 9 were coach axles, and ^i 
were wagon axles. Of the wagons, 1 1 belonged to owners 
other than the railway companies. Of the 68 crank or driving 
axles, 15 were made of iron and 53 of steel. The average 
mileage of 14 of the driving axles made of iron was 275,797 
miles and of the 53 crank or driving axles made of steel 
230,731 miles. Of the 264 rails which broke 22 were double- 
headed, 176 were single-headed, and 66 were \'ignoles' rails. 
Of the double-headed 9 had been turned. All the rails were 
made of steel. 

One-Wire Three Indication Block Instrument; Moore 
and Powles' Patent. 

We were recently afforded an opportunity by the Waiters' 
Electrical Manufacturing Co., Ltd., of inspecting a pair of 
these new Block Instruments at the Kensaltown Telegraph 
Works, London, W. 

The great advantage hitherto possessed by the three-wire 
type of Block Instrument is that it gives three visual indica- 
tions, viz., *' line-closed,'' * 'line-clear^'* and '*train-ouMne,*' 
and which is a most essential condition of the usually adopted 
**affirmative'' system of working trains. With Moore and 
Powles* new instruments, illustrated herewith, these three 
indications are obtained, from either end of the line, by 
means of momentary currents and with the use of one line 
wire only. 

Fig. I is an external vicw^ of the instrument, and fig, 2 is 
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a diag^ram of the electrical connections of the upper or 
''train-going*' dial. 

The current scndinj^ portion consists of a circular commu- 
tator with an external index fing-er which can be moved to 
point to a white, green, or red tablet, and in these three posi- 
tions respectively denotes that if the plungfor be depressed 
**line'closed,** ^'line-clear,'' or "train-on-line'' will be sent 
to the cabin in the rear. This index finger does not need to 
be nicely adjusted by the sig^nalman, to point to the desired 
coloured tablet, but is turned by the milled head of the com- 
mutator quickly to the required position, where it is brought 
up by a dead stop. The commutator is then mechanically 
locked in this position until the plung-er has been depressed, 
thus actually sending a visual and an audible sig^nal to the 
distant cabin. It can also be made compulsory that when 
"line-clear'* has been sent out, "train-on-line'* must also be 
given before the normal position of "line-closed" can be again 
obtained. In a like manner, when "train-on-line'* has been 



clear" indication. If, however, a strong zinc current is sent, 
the "line-closed" indication is dropped, and this eclipses the 
"train-on-line" indication, which also drops. Whichever in- 
dication is dropped remains in view until the commutator is 
turned to a new position, when it is mechanically replaced and 
the bottom dial shows blank until the plunger has again been 
depressed, and the the desired signal actually sent to line, 
when the new indication comes into view. 

The incoming line current passes, fig. 2, through the 
electro-magnet which energises "line-clear" flag, through the 
double tongue circuit reverser and out to earth. The local 
circuit operated by this circuit reVerser contains the electro- 
magnet which operates the "train-on-line" flag. The "line- 
closed" indication is fixed but can be eclipsed by the "train- 
on-line" flag, which in turn can be eclipsed by the "line-clear" 
flag. 

The two armatures on the circuit reverser are so designed 
that, whereas A will readily respond to a weak current, B 
will only be attracted by a strong current. By following the 
connections on the diagram it will be understood that with a 
weak zinc line current (which only actuates armature A), the 
"train-on-line" flag electro-magnet is energised with a cer- 
tain polarity which brings into view the "train-on-line" flag. 
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Moore and Powles' One* Wire 3*Indication Block Instrument. 



Fi«. 2. 



sent, "line-clear" cannot be given until "line-closed" has 
been signalled; but "train-on-line" can be immediately sent, 
from either the "line-clear" or "line-closed" positions. 

The commutator is the same as that of Moore and Powles' 
Block Instrument and which was fully described and illus- 
trated in the Railway Engineer for January, 1905. 

Two 8-cell ordinary Leclanche batteries are sufficient for 
working the instrument. These are joined up to the commu- 
tator so that one only, or the two combined, are used for 
sending currents to line. If we speak of the current from one 
battery only as **weak," and from the combined batteries as 
"strong," the following currents are respectively sent for the 
three indications : — 

" Line-closed ," strong zinc current to line. 

" Line-clear y" weak copper current to line. 

"Train-on-line,'* weak zinc current to line. 

When the plunger is depressed the current goes out to 
line through the bottom or "train-coming" dial, and, accord- 
ing to its polarity, drops either the "line-closed" or the "line- 



With a strong zinc Ime current armature B is also attracted. 
The local circuit will then be of the opposite polarity^ and 
"train-on-line** flag electro-magnet being energised in the 
opposite direction, the "train-on-line** flag is moved away 
and discloses the fixed "line-closed" indication. If, however, 
the line current is of copper polarity, then "line-clear** flag is 
brought into view, eclipsing any other indication. Thus, a 
line current of copper polarity brings into view "line-clear,** 
whilst a line current of zinc polarity moves or keeps this flag 
out of view and shows "line-closed** or "train-on-line,** ac- 
cording to whether the zinc current is strong or weak. 

The three indications need not necessarily follow each 
other in the same cycle. "Train-on-line** can be given direct 
from "line-closed** or "line-clear,** 

The mechanism of the instruments is very simple, strongly 
made, and not at all likely to be aff'ected by climatic changes 
or to get out of order. The case is jointed and when unlocked 
the top portion lifts off quite clear of the wire connections and 
leaves the instrument exposed all round. 
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The advantages of the instrument are briefly as follows : — 

As these instruments perform efficiently all the functions 
of the three-wire instruments, their use would save the cost 
of erection aM maintenance of two line wires between every 
signal cabin. 

Momentary currents being used, there is no consumption 
of battery power except when a signal is being sent. As only 
one indication is visible it cannot be mis-read. Only one 
transmitting plunger is used and the instrument is easily 
manipulated with one hand. 

When the commutator is moved to a new position the 
*' train-coming*' dial shows blank and the indication does not 
appear until the plunger has been used and the required signal 
actually sent to line. 

** Line-clear'* cannot be sent or received in mistake for 
''line-closed** or '* train-on-line.*' 

Sleeping Saloons : L. 8c South-Western Railway, 

Four very fine sleeping saloons have recently been built at the 
Eastleigh Carriage Works of the L. and South- Western R. 
to the designs of Mr. S. Warner, who has kindly furnished 
us with the photographs from which our illustratiops have 
been made.. 

These cars, which are luxuriously furnished and fitted 
throughout, are intended for the night boat-trains between 
Plymouth and London (Waterloo) in connection with the 
White Star American steamers and the West African mail 
services. 

In an early issue we shall publish drawings of these 
saloons, but in the meantime the following general particulars 
will be of interest. 

Length over the bodies, 56ft.; width over the bodies at 
the waist, 9ft.; length between centres of bogies, 39ft. The 
wheelbase of the bogies is 8ft., and particular attention 
has been given to the springs to ensure easy riding. Each 
car is divided into 7 single-berth and 2 double-berth compart- 
ments, an attendant's compartment, a lavatory, and at each 
end a vestibule entrance. 

The sleeping compartments are finished in polished wains- 
cot oak fascias, Hungarian ash panels, and Ply wood roofs 
painted with white and lined with gold. The corridor and 
lavatory are finished in wainscot oak and polished Ply wood, 
with figured oak panels below the waist. The vestibule en- 
trances are finished throughout in polished mahogany, and 
altogether the interiors give a cheering and bright appear- 
ance. 

In so far as the berths are concerned, these cars are a dis- 
tinct departure from those running on other companies* 
systems, inasmuch as they are furnished with brass bed- 
steads, specially designed and manufactured for these cars by 



Interior of Sleeping Compaitment* 

Petts and Co., Manchester, upholstery having been entirely 
eliminated; in fact, with the exception of a small Moire silk 
pad against each pillow, no trimming whatever has been used. 
This renders the cars most hygienic, as the polished w*ood- 
work can be kept scrupulously clean, and when desired the 
l)edsteads may be taken down in a few moments and the 
compartments thoroughly cleansed. 

Each sleeping compartment is fitted with steam heating 
so arranged as to be under the control of the occupant. The 
wash basins are supplied with both hot and cold water, and 
electric bells are fitted communicating with the attendant. 

The cars are electrically lighted throughout with Stone's 
system; the lamps so arranged that passengers may have a 
full or glow light as they desire. For reading purposes one 
lamp only can be switched on at the head of the bed. In 
outward appearance the vehicles are in unison with the 
standard South Western stock. 
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Roofs— VIII* 

The roof principal shown in figure 51 is of a peculiar type 
and is provided with a raised portion, usually glazed and pro- 
vided with louvres. The loads on the left half of the roof are 
vertical only, whilst those on the right-hand side are a com- 
hination of vertical dead loads and horizontal wind loads. 
Both supports are presumed to provide inclined reactions. 




Fig. 51. 

The load diagram is laid down in the usual way, ABC, 
etc., to J, and the straight line resultant A J for the two re- 
actions. The latter are obtained by means of the closing line 
of the funicular polygon when a line is drawn parallel to the 
closing line through the pole of the vector diagram, giving 
the point K in the straight line AJ. 

The position of the point K being thus found, it becomes 
a simple matter to lay down BL, KL, IW, KW, and then 
by means of IW and the load HI to find HV and WV, and 
from BL and BC to obtain CM and LM. 

At the next joints, however, difficulties arise, in that two 
known loads have to be resolved into three directions at both 
joints, which is, of course, impossible to determine as the 
bars stand. 

It is therefore necessary to temporarily remove bars NO, 
NU, ST and TU, and to replace these by the temporary bars 
ab, be shown by dotted lines. 

It is now necessary to discuss the effect of the loading 
from the raised portion of the roof before going further. 
Here then there is the apex load EF, which is set off along 
EQ and FQ, as in the stress diagram, and from point Q so 
found we draw QP and QR, the point P being upon a vertical 
line dropped from D, and point R upon another vertical lint' 
raised from G, 

The reason for this is obvious when it is considered that, 
given the stress EQ and the load ED, the lines QP and DP 
are essential to complete the reciprocal figure of the bars at 
the foot of the bar EQ, whilst on the other side of the roof, 

•The previous articles of this scries appeared in ihe Railway Engineer as 

follows j-I., May, 1907; II., July. 1907; III., September, 1907; IV., 

October, 1907; V., December, 1907 ; VI., February, 1908; VII., 

April, i9oiS. 



where we know the stress FQ and the load FG, the two lines 
QR and GR are necessary to close the reciprocal figure. 

Hence for the joint at the top of bar Ma we have the 
known loads CD and DP and stress CM, a resultant is pro- 
duced PM which is resolved into Ma and Pa, whilst on the 
other side the stress GR, the load GH, and the stress HV 
produce the resultant RV, which may be resolved into RC 
and X'C. 

The position of points a and c thus obtained in the stress 
diagram, we now consider the joint at the foot of the vertical 
bar Ma. Here then we have already found the horizontal 
stress KL, the included stress LM, and the vertical stress 
Ma, which combined produce a resultant Ka, which is re- 
solved into the two bars Kb and ab. 

For the corresponding joint on the other side of the truss 
there are the stresses KW, VW, and Uc, with resultant Kc, 
which may be resolved into Kb and ab. 

Of course the point b found in this way from both sides 
should superpose accurately to prove the correctness of the 
drawing. 

Now it is obvious that Kb in the truss diagram is identical 
with KU when the temporary bars are removed and the per- 
manent bars replaced, and this being the case, at the joint 
at the foot of Ma we have the stresses found KU, KL and 
LM, with resultant UM, which is to be resolved into MN and 
UN; and for the top joint of the same vertical the stresses 
CM, MN, and load CP give a resultant PN, which is at 
once resolved into NO and PO. 

In the same way for the joint at the foot of the vertical 
VC, with the stresses KW, WV and KU known, the re- 
sultant UV is resolved into UT and VT; and for the top of 
the same bar the stresses HV, A^T and the Idad RH known, 
resultant RT, it is an easy matter to resolve this into RS and 
TS, and if a vertical line be drawn from S to O the diagram 
of stresses is complete. 




Fig. 52, 

The roof truss shown in fig. 52 is a crescent truss, in 
which both the lower and the upper chords are segments of 
circles, and the alternate braces are radial to the curve of the 
upper chord, the right-hand bearing is assumed to be free, 
whilst the left-hand side is fixed. 

The dead loading is, of course, symmetrical on both sides 
of the roof, whilst the wind is one side only, and in ♦^hc 
diagram this is assumed to be on the fixed or left-hand side. 
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The first thing is to find the values of the two reactions, 
and this is done by the use of the funicular polygon, which, 
working from the pole gives a closing line cutting a vertical 
line, drawn upwards from lo in the stress diagram, in the 
point R, to give the vertical reaction at the free abutment 
where only a vertical load is allowable. 

If a line is drawn from R to I, this gives the direction and 
value of the inclined reaction at the point of support at the 
left-hand or fixed support. 

Now, to make the stress diagram, from 2 draw a line 
parallel to the upper chord in the direction of 2B and another 
line from R parallel to RB of the outline diagram, until the 
two lines meet in the point B. 

For the first joint in the upper chord we have found stress 
2B, and the load 2 3 being known, the resultant 3B is resolved 
into BC and 3C, and for the lower joint, RB and BC being 
known, with the resultant RC, it is easy to resolve this into 
CD and RD. 

Going along to the next upper chord joint, we have 3C 
and CD and 3 4 being already known, with resultant 4D, this 
is resolved into DE and 4E; whilst for the lower chord joint, 
the stresses RD and DE being known, and the resultant RE, 
this is resolved into EF and FR. 

So in like manner for the next upper joint, 4E, EF and 4 5 
known, we can draw FG and 5G, and this is continued until 
the whole of the bars are set down. 




Fig. 54. 
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Fig. 55. 




Fig. 53 




Fig. 56. 



Now imagine that the fixed and moveable ends are re- 
versed, the fixed end at the right-hand side and the free end 
at the left-hand side (see fig. 53). 

A new load and reaction diagram has now to be drawn, 
and it will at once be noticed how different the stresses are 
when produced under the second condition than they were in 
the case of the first arrangement of bearings. 

Here then, to begin with, we first draw the funicular 
polygon with its closing line, and instead of raising a vertical 
line upwards from point 10 we drop a vertical from i until ?t 
cuts into the closing line at R. This gives the reaction at the 
left-hand or free side, whilst for the other reaction on the 
opposite side a line drawn from R to 10 gives the direction 
and value that is required. 

Following the same procedure as in the first case, lines 
are drawn from 2 and R until they meet in B, and this point 
found, BC and 3C are next drawn. It is not necessary to 
continue the description of the diagram since it simply follows 
the procedure of the first case. Some of the lines may go 



downwards instead of upwards, or may disappear altogether, 
but the correctness can always be verified if the lines meet »n 
the proper point when the diagram is constructed from both 
ends of the truss until they meet in any intermediate point. 

At this point it may be noted that most roof trusses have 
double bracings, as in ing. 54, and that therefore a resultant 
has to be resolved into three directions, or, in other words, 
that the problem is intermediate at every joint. 

In some cases it is assumed that all the bracings or 
diagonals act as tension members only, and in this case any 
member that would act in comparison is omitted from the 
stress diagrams. 

Several conditions of the loading should be considered, 
and it will probably be found that in some cases a bar will dc 
in compression, under which condition it will be omitted; 
whilst in other cases it will be in tension and will be included. 

Hence some of the diagonals will appear in certain of the 
stress diagrams and will disappear in other stress diagrams. 

Thus for a truss as fig, 55, if the one load was at * a * the 
bar *c* would be omitted, whilst if there was one load at 
*b* the bar 'd* would be omitted. In the case of two equal 
loads being on the truss at the same time the braces *c* and 
*d' would not be required at all and could be dispensed with 
so far as regards the theory of the truss. If, however, the 
loads were at all unequal then one or other or both of the 
bars should be used. 

After all, the question of whether to consider the diagonals 
only that are in tension is a matter of design only and can 
only be decided by a reference to the working drawings of 
the roof. 

If, for instance, the truss is made up of timber beams and 
round rods, or even if the booms and some of the bracings 
are built up of angle irons, whilst others are made of flat 
iron or steel bars only, then in this case it is obvious which 
bars are only capable of resisting tension. 

For an unsymmetrical load such as occurs when wind is 
blowing on one side of a roof, and where the bars are designed 
only to resist tension, the figure 56 may be the outline to be 
considered and a new stress diagram must be drawn for this 
arrangement. 

It may even be necessary to make independent stress 
diagrams for each of the systems into which the stress can 
possibly be decomposed. 

If there are two systems of diagonals the load may be 
assumed to be equally distributed between the two, and If 
this is the assumption made it is frequently found that one 
stress diagram can be drawn which will meet the case, but 
this arbitrary division of loading may not be the fact of the 
case. 

In some instances the bars will drop out of the stress 
diagram automatically when the stresses are graphically 
developed, that is, the bars are not required, are redundant, 
and are therefore not required for the condition of loading for 
which the strees diagram is made. 

We now complete this* series of articles on the graphic 
statics of roof trusses by the consideration of the American 
form of truss shown in figure 57. This truss is frequently 
found over railway sheds and workshops and consists of two 
straight upper chords with a curved lower chord, and a 
ventilator is placed over the ridge. The first st/ut from the 
support on each side is drawn round to the upper chord, 
whilst the lower chord is an arc of a circle except in the two 



Digitized by 



Google 



June, 1908. 



The Railway Engineer. 



183 



end bays, where the panel length is drawn parallel to the 
straight upper chord above it. 

The left-hand support of the truss is assumed to be fixed 
whilst the right-hand support is assumed to be moveable. 
The effect of wind is provided for at both the vertical surfaces 
1 and 6, whilst wind loads normal to the back of the roof arc 
taken at each panel point of the truss. For convenience, in- 
stead of lettering the bays with the letters of the alphabet, 



,....^y 




10 




Fig. 57. 
figures arc used, as there are so large a number of panels to 
be marked. After marking off at each panel point the various 
vertical dead loads, the inclined and horizontal wind loads, 
and obtaining the resultant at each point, as indicated on the 
outline diagram, a funicular polygon is drawn, as in fig. 58, 
and a closing line is found in the manner shown in the lower 
diagram of fig. 57. This lower diagram is purposely drawn 
to show the direction of the various loads, and the manner in 
which these lines are cut by the funicular polygon to obtain 
the closing line. 

Having set down the loads in fig. 58, a vertical is raised 
from 14 until it cuts the closing line of the vector polygon at 
15, this gives the vertical reaction at the right-hand; then 
another line, this time inclined, is drawn from this point to 
o, to give the value and direction of the other reaction, which, 
being fixed, is inclined. 

The horizontal load o i is external and 
does not come into the consideration, 
but if a vertical line be dropped from i 
and an inclined line drawn parallel to the 
bar in the truss from 15 to 16 the re- 
quired stresses to begin with are found. 

Then for the first joint in the upper 
chord we have the stress i 16 and the 
load I 2 known, with resultant 2 16, 
which is decomposed into 2 17 and 16 17, 
and for the next joint in the lower chord, 
the stresses 15 16 and 16 17, with the resultant 15 17, are re- 
solved into 17 18 and 15 18. 

For the upper chord joint the stresses 17 18 and 2 17, 
with the load 2 3 being known, the resultant 3 18 is found, 
which is resolved into 18 19 and 3 19. 



Now, leaving the dotted lines out of the consideration, it 
is better to go on to the next point in the top chord, where 
there are only two indeterminate bars, whereas if the next 
lower joint there would be three indeterminate bars, which 
could not be solved. Here then we have 3 19 and 3 4 known, 
resultant 4 19, which is resolved into 4 20 and 19 20. Having 
found 19 20, we can go on to the lower joint, where we have 
15 18 and 18 19 with 19 20 known, which gives 15 21 an«l 
20 21. 

Going back to the top joint, we have 4 5 and 4 20 with 
20 21 given, with resultant 521, from which we can obtain 
5 22 and 21 22, In the same way, with 21 22 and 15 21 
known, draw 22 23 and 15 23. 

Again, at the top we have load 5 6 with stresses 5 22 and 
22 23 known, to which must be added the vertical component 
of load 6 7, which is drawn on the stress diagram as 6 26. 
The combination of these loads and stresses gives the re- 
sultant 26 27^^ which is resolved into 26 24 and 23 24, and this 
side of the roof will be completed if we work out the stresses 
at the lower joint, where we have 27^ 24 and 15 23 known, 
with resultant 15 24, which is decomposed into 15 25 and 

Now cross over to the other side of the roof, where there 
is only a vertical reaction and working through the various 
joints in the same way, a point 31 is found which, if the 
diagram is correctly drawn, will be exactly vertically over the 
point 25 already found from the left-hand. 

If 31 and 25 are then connected by a vertical line Lhc 
stress diagram is complete except as regards the raised por- 
tion of the roof at the central ventilator, the stresses for 
which can either be superimposed on the diagram already 
drawn, or a special stress diagram for this portion can he 
made. 
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^^ Fig. sS. 

As may be gathered, however, from the previous remarks, 
this by no means exhausts the stress diagrams that it will 
be necessary to make for this truss if it were to be actually 
built. A special stress diagram should be made for each 
condition of loading, which are — 
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(a) dead load only; 

(b) snow load only, both evenly distributed and also 

if the loading^ is on one side of the roof only; 

(c) wind load on one side, with the bearings fixed and 

moveable, as indicated above; 

(d) wind load on the same side, but with the bearings 

reversed, that is, the moveable reaction on the left 
side and the fixed reaction at the right side. 

It may be found that under certain conditions of loading 
and bearings the dotted diagonal members will be thrown 
into tension and will therefore come into play. It will be 
necessary to make a table showing the stresses in each bar 
under each condition of loading, each stress when tabulated 
being marked carefully whether in tension and compression, 
so that the maximum and minimum stress, with the respec- 
tive sense, whether tension or compression, may be noted. 

Further, it would be well to take the case where both bear- 
ings are fixed, and not one only, since at any time the move- 
able bearing, whichever side it is on, may become jammed, 
and therefore must produce an inclined reaction, tending to 
modify many of the stresses. 

(To be continued,) 



The Curzon Bridge at Allahabad.* 

This bridge over the Ganges, consisting of 15 spans of 
20oft. girders, carries a single line of railway between the 
girders and a cart-road on the top booms. 

The Ganges, in the vicinity of Allahabad, runs between 
practically permanent banks about 3 miles apart, but at the 
site chosen the width narrows to 6,350ft. The artificial 
narrowing of alluvial rivers, in order to reduce the cost of 
bridging, has received considerable attention in India of late, 
and the Curzon Bridge is believed to be the boldest exampl\3 

•Abstract of a paper by K. R. Gales, F.C.H., M.Inst.C.E., read before ihe 
Institution oi Civil Engineers. 



of this which has yet been attempted. The naturally reduced 
width of 6,350ft. has been still further constricted by closing 
half of this width by a solid embankment, protected from 
attack by a stone-faced training-bund or guide bank, which 
forces the river through a width of 3,165ft., which is bridged. 
The saving effected by this treatment has been about 15 lacs 
of rupees, or ;^ 100,000. So large a reduction in cost is not 
obtained without taking some risk, and the success of the 
undertaking depends, in the first instance, on the possibility 
of constructing in one season a solid embankment and so 
much of the training-bund as are essential to force the river 
through the constricted width. For if the embankment is 
breached and the river, as may happen, takes a course 
through it, much extra expense and great delay may result. 

The successful construction in one season of the solid 
embankment to a sufficient height above high-flood level and 
of the whole of the training-bund, with its rubble stone pro- 
tection, are described. Stress is laid upon the design and 
construction of the training-bund, which is believed to be the 
largest yet attempted in India. 

The paper also deals with the difticuities experienced in 
sinking the well foundations to an average depth of looft. 
below low-water level, and especially with the diflficulty of 
sinking into the substratum of clay met with an approxi- 
mately this depth. The author, realising the importance of 
weight in sinking well foundations, puts forward for criticism 
a diagram of minimum sinking-effort or force per square 
foot of skin surface required for sinking through sand to 
various depths, for use in the design of wells. 

The construction of the stone piers, 6oft. high, and the 
erection of the girders is described, and an account is given 
of the roadway, the steel road-viaducts, and the bank 
approaches. The viaducts are carried on cast-iron screw- 
piles, screwed into a made bank in the case of the viaduct 
at the left abutment, the bank at this point being 75ft. high. 



Fig. I. 
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Compound Tank Engines in France. 

The idea of working suburban and other high acceleration 
trains making frequent stops is not usually associated with 
compound locomotives, in fact to such an extent has the 
contrary conception been accepted that it has come to 
be almost an article of faith among locomotive engineers, 
although the late Mr. F. VV. Webb compounded one of the 
L. and North Western tank engines, and there are the un- 



schemed to meet a greatly reduced schedule which had been 
decided upon. They are lo-wheeled 6-coupled engines, with 
a leading 4-wheeled bogie and four compound cylinders, each 
pair of high and low pressure cylinders being arranged 
tandem-wisc, from which it will be seen that the design Ls 
one of uncommon interest. 

Following on the above-mentioned engines, the Eastern 
R. of France brought out another type of compound tank 
engine, also designed for dealing with fast suburban trains. 
In this dcrign, while four cylinders are used they are not 




Fig. 2. 



doubtedly successful 2-cyrmder compound tank engines work- 
ing on the Belfast and County Down R., and also on what 
was the Belfast and Northern Counties R. (now part of the 
Midland R.). 

However, it is to the Continental lines that we must turn 
to find other and more recent examples, and especially to 
France, where some very powerful types have within ihc 
last few years been put into service. 



Fig. 4. 
arranged in tandem but have a pair of inside and a pair of 
outside cylinders, each pair driving a different axle. The 
engines have 14 wheels, six being coupled and a four-wheeled 
bogie at each end. 

In addition to these two types, which are passenger train 
engines, there is another and interesting type which has re- 
cently been introduced on La Grande Ceinture of Paris for 
hauling heavy goods trains at high speeds and with frequent 
stops. These engines have eight coupled wheels and a 4- 
wheeled bogie at the leading end; four cylinders arranged in 
a similar manner to the engines of the Eastern R. of France. 

Referring to the engines for the Petite Ceinture, which 



Fig. 3. 



It may fairly be said that the recent multiplication of tank 
engines having compound cylinders is due to the success 
which has attended the design of engines brought- out for 
La Petite Ceinture by the technical department of the 
Northern R. of France. These engihies were especially 



are illustrated by fig. i (see page 184), they were 
designed after many experiments had been made with 
various types of locomotives, the results being . in 
favour of the compound system.. TJie adoption of 
the tandem arrangement of the cylinders was decided 
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upon with a view to eliminating the weight of the 
two additional sets of valve gears commonly used in France 
in connection with four cylindered compound engines, be- 
cause the weight of the engines was limited to 16*2 tons per 
axle; a further reason was to obtain the accessibility of out- 
side cylinders only. 

The arrangement of the cylinders is as follows : The h.p. 



Fig. 5. 

are placed immediately in front of the coupled axles with the 
I. p. ahead, and between the bogie wheels. The exhaust from 
the h.p. cylinders flows direct to the steam chest of the l.p. 
through rotating intercepting valves, these latter valves also 
acting as starting valves, being automatically moved by a 
small air motor which is set in motion when the regulator is 
placed in full open position, so that live steam at the reduced 



head uniting to two is of a special design which permits of 
a certain slip of 12 num, when working; the lap of the l.p. 
valve is reduced to about one-half this play, the shock in 
**picking up*' the l.p. spindle is very slight as the h.p. spindle 
is then rapidly approaching the end of its travel and is in 
consequence moving slowly; this crosshead is shown by fig. 2. 
With a cut-off of 40 per cent, in the h.p. cylinders it was 
found necessary to cut off in the l.p. at 60 per cent. Another 
effect of the slip of the crosshead is that the port opening 
of the l.p. cylinder lasts from 10 to 40 per cent, of the stroke 
instead of gradually closing. 

The coupled wheels are 5ft. gin. diam., the middle pair 
being the drivers; the bogie has wheels 2ft. Qin. diam., with 
a wheelbase of 6ft. 2'8in.; the rigid wheelbase is 13ft. r48in. 
All the wheels, including those of the bogie, are braked, so 
that rapid deceleration is obtainable. 

The second engine referred to above, namely, that of 
the Eastern R., is illustrated by fig. 3. It possesses that 
important attribute of a well-designed local train engine, 
namely, equal facility of running in either direction, in fact 
these engines were especially constructed to eliminate the 
waste of time, etc., resulting from the use of engines which 
had to be turned in order to perform the return journey. 

To render the task of driving the engine in either direc- 
tion easier, the reversing gear and regulator are in duplicate, 
so that which way the driver is looking the wheel and lever 
is in front of him. 

These engines are of great power and the four cylinders 
enable very smart starting to be made, especially as the inter- 
cepting valves are under the control of the driver and can be 
moved so as to allow live steam to enter the low pressure 
cylinders, which the high pressures arc working indepen- 
dently. Details of the intercepting valves and the air motor 
for actuating the same are shown in figs. 4 and 5. 



Fig. 6. 



pressure of 85 pounds is admitted to the l.p. cylinders, at the 
same time the h.p. exhaust escapes direct to the atmosphere. 
The valve gear is of the Walschaert's type, it is arranged 
to give a considerable difference of steam distribution in the 
high and low pressure cylinders; this is obtained by mounting 
both valves for each set of cylinders on two spindles which 
are so connected as to act as 6ne, excepting that the cross- 



The arrangement of the cylinders and motion possesses 
all the characteristic features of the well-known de Glehn 
system of compound engine, the h.p. cylinders being placed 
outside the frames and connected to the second pair of 
coupled wheels, while the l.p. cylinders drive the leading pair 
and are placed between the frames and under the smoke- 
box; all four cylinders have piston valves, each of which is 
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actuated by a separate set of Walschaert's gear, also all the 
cylinders are inclined at an angle of i in 9. 

As fairly high speeds have to be attained on the trains 
worked by these engines, the wheels are of moderate diameter, 
being 5ft. 2'2in., their springs are placed underneath the axle- 
boxes and are all connected on each side by compensating 
beams. 

The bogies are duplicates one of another and are of the 
company's standard pattern, with inside frames; each axle- 
box has a separate spring placed above it; the wheels are 
2ft. 9'4in. diam., the wheelbase is 5ft. io*8in. The total wheel- 
base of the engine is 35ft. 5*2in., of which 12ft, 9'5i"» »s 
rigid. 

The boiler is of the Belpaire pattern, working at a pres- 
sure of 227 lbs. per sq. inch; the fire-box is steeply inclined 
and placed over the rear coupled axle; the depth below the 
centre line of the boiler at the front and back is 4ft. 7*1 in. and 
2ft. 5'7in. respectively. 

All the wheels of the engine are fitted with brake blocks, 
but as the brake gear on the bogies is self-contained it does 
not render them stiff when taking curves. 

The last class is, as before mentioned, a series of power- 
ful goods tank engines, which have been built for La Grande 
Ceinture of Paris for hauling very heavy goods traffic. 

They are illustrated by fig. 6. The h.p. cylinders are 
placed outside the frames immediately in the front of the lead- 
ing coupled wheels and inclined from the horizontal at an 
angle of i in 10; the l.p. cylinders are under the smoke- 
box and between the frames, and drive the leading coupled 
wheels; they are also inclined to an angle of i in 10. 

Each of the four cylinders has a separate set of Wal- 
schaert's valve gear. The dimensions of the cylinders are, 
h.p. i4-56in. by 25-59in., l.p. 22'4iin. by 25-59in. The inter- 



cepting valves are of a similar type to those used on the 
other two classes of engines described and permit of simple 
expansion working in all four cylinders at starting. 

As in the majority of modern high pressure French loco- 
motives, the boiler is of the Belpaire type, designed to work 
with a pressure of 227 lbs. per sq. inch.; the barrel is com- 
posed of two telescopic rings of |iin. plates; the mean 
diameter of the barrel is 4ft. 8*9in., the length between the 
tube plates being 13ft. 5'4in.; the firebox is placed over the 
last two coupled axles and has an inclined grate; the length 
outside the box is 8ft. 2*4in. The inside firebox is of copper 
plates, the stays of which are also of copper with the excep- 
tion of the three top rows, which are of a special manganese 
bronze, an alloy which is reported to give very satisfactory 
results under the high temperature generated. 

The coupled wheels are 4ft. 8*6in. diam.; the h.p. driving 
wheels have flangeless tyres to ease the engine on curves. 
The coupled wheelbase is 15ft. 6'9in., the total wheelbase 
being 27ft. 8*6in. The springs of the coupled wheels are all 
underneath the axle-boxes and connected in pairs on each 
side by compensating beams, the weight being very well dis- 
tributed, as given in the table of dimensions annexed. 

The bogie has outside frames and bearings; the springs 
are four in number, one to each axle-box, above which it is 
placed. The weight of the engine is transmitted to the bogie 
frame not by the centre, which acts purely as a pivot, but by 
two sliding pads, one placed on either side; the sliding side- 
play of the bogie is checked by long coil springs placed on 
either side of the centre. The wheels are 2ft. 7*4in. diam., 
placed 7ft. 2'6in. apart; the centre of the bogie is 8ft. 6'3in. 
in advance of the leading coupled wheels. 

The principal dimensions of all three types of engines are 
stated in the following table ; — 



Principal Dimensions. 



Railway 

Wheel Arrangement 

Cylinder Sy high pressure 

,. low ., 
Wheels^ diameter, coupled ... 
„ „ bogie 

Wheelbox, total 

„ coupled 

„ bogie 

Boiler, barrel, mean diam. ... 
„ between tubeplates ... 
„ firebox, length outside 
„ tubes, number 
„ J. outside diam. ... 

heating surface, tubes 
„ „ firebox 

>» total 

„ grate area 

„ working pressure 

Tank capacity 

Bunker „ 

IVei^ht, full bogie, lbs. 

„ I St coupled axle, lbs. 
„ 2nd „ ., lbs. 
» 3'^ ». f. lbs. 
4th ,. „ lbs. 
^ hind bogie, lbs. 
„ total lbs 






Petite Ceintare. 

4-6-0 

12*9 in. X 23*6 in, 

2i*26in. X 23'6 in. 

5 ft. 9 in. 

2 ft. 9 in. 
25ft. II in. 
13ft. r4in. 

6 ft. 2 "Sin. 
4 ft. 2'3in. 
lift. X 5 -Sin. 

90 Serve 

2-75in. 

1,396 sq. ft. 

108 

1.504 

24 

227 lbs. 

1,100 gallons 

3 tons 



1391328 lbs. 



de TEst. 




4-6-4 


13 7m. 


X 25'2m 


2i*6in. 


X 25'2in 


sft. 


2'2in. 


2 ft. 


9'4in. 


35ft. 


5'2m. 


12ft. 


9'5'n. 


5 ft. 


io*8in. 


4 ft. 


II 6in. 


13ft. 


9-3in. 


8 ft. 


io-8in. 


229 






i'9m. 


1,449 sq.ft. 


150 




1,599 




27-6 




227 lbs 




2,100 gallons 


3 tons 




44,922 


lbs. 


33,829 


,1 


34.487 


II 


35,759 


>• 


49,900 


91 


198,897 „ 



Grande Ceinture. 
4-8-0 
i4-56in. X 25-59in. 
22-44in. X 2S-59in. 
4 ft. 8'6in. 
2 ft. 7"4in. 
27ft. 8-6in. 
iSft. 6 9in. 

7 ft 2-6in. 
4 ft. 8-9in. 
13ft. 5-4in. 

8 ft 2*4in. 
126 Serve 
2-75in. 
2,054 sq.ft. 
123 

2,177 
244 
227 lbs. 
1,323 gallons 
4 tons 
44,312 lbs. 
31,966 „ 
34,171 „ 
33,730 » 
34.832 „ 

179,011 11 
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the vacuum brakes which were used upon the trial trains and 
the Austrian State Railway generally. We are now able to 
illustrate the g^eneral arrangement of the brake equipment 
together with sections of the novel valves and diagrams show- 
ing their rapid and steady action. 

It will b€ remembered that the trials were carried out to 
demonstrate the eflicicncy of the brake for trains of loose 
coupled goods wagons. The trains were of various lengths, 



and with a complete absence of * 'bunching** and derailment. 

The brake equipment of the locomotive and tender is 

shown by fig. i. It is the same as that of the passenger train 




Fig. 2. — Eqaipment of Wagon, 
the maximum number of vehicles being 75, some of which 
were fully loaded, some partly loaded, and others empty; some 
were fitted with brakes and others only piped. The wagons 
were marshalled in a variety of ways so as to represent as 
nearly as possible trains as they would be in ordinary service. 
All the stops were made without jerking or broken couplings 



brake. The locomotive is braked separately; the tender and 
the train are braked together. The combination ejector L of 
the locomotiv-e is used for braking the tender and train; the 
clappet valve K on the locomotive ejector serves to brake the 
locomotive in case of a full application or a rapid action. 

The brake fittings of the locomotive consist of a simple 
little ejector / connected with a steam pipe and with air pipes 
leading to the locomotive brake cylinders B, and to the 
clappet K. The air-piping runs to the front of the loco- 




I '• ' 



Fig. 3. - Brake Cylinder. 



Fig. 4.— Rapid-acting Valve, 
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motive and to the back of the tender and is used to apply the 
brake from the pilot engine to both eng^ines. The vacuum 
of the train brake attains 35 cm (137 ins.) and that of the 
locomotive brake 52 cm (2047 ins.). A rapid-acting valve 
S is fitted on the main train-pipe leading to the front of the 
locomotive. 




Fig. 5.— Portable Valve. 

The brake equipment of the tender consists of one or two 
brake-cylinders B, with vacuum-chamber i?, connected with 
the main train-pipe. On the main train-pipe is fitted a rapid- 
acting valve Sj which, on the rapid action being applied, 
allows air to rush into the pipe for the space of about two 
seconds. 

Fig. 2 shows the equipment for wagons. The main 
train-pipe is fitted with a rapid-acting valve 5, fig. 4, which, 
in the event of a rapid application, allows air to enter the 
main pipe and cylinder. It, however, remains open only 
about one-third the time required by the brake-cylinder to 
attain its full brake power. Underneath this rapid-acting 
valve, fig. 4, there is a throttle valve and a cock connected 
with the piping which leads to the brake-cylinder. 

To release the brake on wagons not coupled to the train a 
valve E is fitted on the vacuum-chamber or there are two 
valves, one on either side of the wagon connected with the 
vacuum-chamber by a pipe. 

Wagons which are ** piped'* only have the train-pipe fitted 
with a ** rapid-acting*' valve. The emergency stop apparatus 
consists of a simple clappet valve connected by a vertical pipe 
with the main-train piping. 

The Brake-cylinder is illustrated by fig. 3. Its main 



feature is that the ball-valve is fitted into the piston, whereas 
with the passenger brake it is on the bottom of the cylinder. 
This arrangement has the great advantage that directly the 
cylinder works the ball-valve is cut off by the rolling-ring 
from the main train-pipe and the tightness of the chamber 
does not depend on the tightness of the ball-valve. More- 
over, with this type of brake-cylinder the connection, both 
with the main pipe and the vacuum-chamber, is effected in the 
simplest way possible. 

The Rapid-acting Valve, fig. 4, consists of a valve A, a 
vacuum-chamber B, above it, and of a cast-iron casing, into 
which the main train-pipe is screwed. At the bottom of the 
valve A there is a hole i and another 2 at the side near the 
top. Underneath the casing is a throttle valve d with a 
small hole in its centre and the cock C 

The working of this valve is briefly as follows : — When 
the vacuum is created in the main train-pipe the chamber B is 
is also exhausted through hole i. When a traffic application 
or a graduated application is made (the air slowly entering the 
main train-pipe) the vacuum, both below and above the valve 
A, is simultaneously and slowly reduced and the valve con- 
sequently does not act. But with a rapid action (allowing 
air to enter freely into the main train-pipe) the valve A is 
rapidly forced upwards, the vacuum in chamber B not being 
reduced so rapidly as in the main train-pipe, and it remains 
in this position until the air entering by hole 2 completely 
destroys the vacuum in chamber B, when the valve closes. 

The most important feature of this arrangement of the 
Vacuum Brake is the Portable Valve, illustrated by figs. 5 and 
6. It is coupled to the end of the main train-pipe on the last 
wagon, as seen in fig. 6. 



Fig. 6. 

It consists of a valve /I, a vacuum-chamber III, above it, 
and of a clappet valve B, with a small hole i through it. This 
clappet separates chamber I, which is in direct connection 
with the main train-pipe, from chamber II, under the valve. 
A small pipe C connects chamber I with chamber III. The 
valve D, which is also provided with a hole 2 in its centre, 
separates these two chambers, and there is another hole, 3, 
also, somewhat larger in the casing. 

When the main train-pipe is exhausted the clappet B opens 
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and the chamber II and, through the holes 2 and 3, the 
chamber III. are also exhausted. 

If a graduated application or a service application be made 
by means of the ejector on the locomotive (the air slowly 
entering the main train-pipe) the vacuum in the chambers II 
and III is simultaneously reduced by the air rushing through 
the holes i, 2, and 3, and the valve A consequently docs not 
work. 



With a rapid application (air rushing into the main train- 
pipe) the valve D is rapidly forced upwards by the air enter- 
ing chamber I, thus closing the hole 3. At the same time 
clappet B is also pressed on to its seat. The air consequently 
can only reach chamber II by passing through the hole I and 
the chamber III by passing through the hole 2. Chamber II 
being smaller than chamber III, the vacuum in the former is 
sooner destroyed than in the latter. Therefore, after a cer- 
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tain time, the valve A opens and lets air rush 
into chamber II, which raises clappet B and, passing through 
chamber I, gets into the main train-pipe. Chambers II and 
III arc so constructed that valve A opens shortly after the 

— ^— » 35 Ccntimetna of Vacuum in main train pip6i 
/o' of j- 35 Centametxes of Vacuum in Vacuum Chambers. 















8cS 










/ 


40 

7oi 












to, 
.609 








/ 


/ 


1 ": 






* 


^/ 


J^'' 










^7- ■ 


to 

3«; 






▼» 










/ 


. 




* ,"" 




^ 






'-''Viv 


^ 











13 30 <»3 

Kuffib«r of waggon*. 

Fig. 8. — ^Time necessaiy to evacuate Brake Cylinders, Vacuum Chambers 
and Piping. 
. Drake blocks oHL 



So<i 



36 CentimAtni of Vaoaum in main train pipe. 




13 



60 



30 ^3 

Kombar of waggona. 
Fig. 9. — ^Time necessary to release the Brake. 



73 



rapid-acting valves of the main train have closed. The 
vacuum under the piston of the brake-cylinder having been 
only partly destroyed, a reduced vacuum in all parts of the 
brake is created. The air freely entering the main train-pipe 
through the portable valve creates a second rapid action 
which, contrary to the rapid action made by the engine 
driver, acts from the rear towards the front of the train. 
Valve A remains open until the vacuum in the main train- 
pipe is completely destroyed. It is the action of this valve 
which prevents the crowding and bunching of the wagons, 
with the attendant evils of derailment and broken couplings. 

In making service or graduated applications the handle 
of the combination ejector is brought slowly from the ** Run- 
ning Position'* towards the position ** Wagons Braked,'* 
more or less air entering the main train-pipe, according to 
the position of the handle; and this increases or reduces the 
brake power. The locomotive brake is not applied, but is 
held in readiness. 

For a Rapid-action application the handle of the combina- 
tion ejector is rapidly brought into position **On.** The 
vacuum is suddenly reduced and the rapid-acting valves begin 
to act, giving a rapidity of brake action of 364 tn (1,194 ^^') 
per second. As the rapid-acting valves open, the main train- 
pipe is quickly filled with air. These valves, however, closing 
before the vacuum below the cylinder piston is completely 
destroyed — the flat valve tf , fig. 4, being in the way — a reduced 
vacuum is created in all parts of the brake and also in the 
rapid-acting valves, which are, consequently, again ready to 
work. The amount of this reduced vacuum depends on 
the number of vacuum-cylinders in the train. 

At this moment the portable valve, fig. 5, opens suddenly, 
creating a rapid action from the rear towards the front of the 
train. The rapid-acting valves again close before the vacuum 
underneath the brake-cylinder pistons is fully destroyed, but 
the air continuing to enter the main train-pipe through the 
combination ejector and the portable valve, destroys it com- 
pletely. 

The diagrams on fig. 7 show the pressure on the brake- 
cylinder pistons of different wagons. The diagrams on fig. 8 
give the time necessary to exhaust the brake-cylinders, 
vacuum-chambers, and piping; and those on fig. 9 the time 
required to release the brake. 



3pd Class Corridor Carriages and Brakes; 
Cambrian Railways. 

In our last issue we published drawings of the bodies of 
these carriages which were built at the company's works 
at Oswestry, to the designs of Mr. Herbert Jones, loco- 
motive superintendent. We now give the drawings of the 
underframes and bogies, and which, being fully dimen- 
sioned, required but little description. It should, however, be 
noted that very few sections are used in the underframe; 
the sole-bars, longitudinals, diagonals, all the cross bearers 
and bogie centre bearers are all of steel channels 
4 by 11 by J, connected by angles 3 J by 3^ by J, and cover- 
ing or gusset plates top and bottom Jin. thick; the bracing 
strips are 4 by |, so that there are practically only three 
sections in the underframe. This, of course, is a great 
advantage, especially in comparatively small works like 
those at Oswestry. The rivets connecting the angles to the 
members of the frame are Jin. diameter, and for fixing the 
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I^usset plates |in. diameter. The sole bars and long^itu- 
dinals arc each trussed with a queen truss i7in. deep, the 
tie-rods being: ijin. (if in. screwed ends) diameter, tightened 
by a right and left-hand threaded nut. The hangers for 
the vacuum automatic brake cyclinders and for the gas 
holders arc shown. The draw-bar is continuous, and a 
plate spring is used for the draw and bulFing gear. The 
bogies have the usual wheel base of 8ft., and their most 
noticeable feature is that the sole-bars, which are of angles 
8 by 4^ by f, are provided with a queen truss 8in. deep, 
the tie-rods being lin. diameter, and adjustable by means of a 
right and left-hand threaded nut. Plate axle-guards (with angle 
wearing pieces), tied together by 2 by J bars, are used. The 
ends of the sole-bars are connected by plates 7 by J and 
strong bent plate knees. The fixed bolsters arc of channels 
3} by 7 J by S, and the longitudinals of channels 7 by 2^ by ^. 
The swing bolster is made up of two channels 7 J by 3J by ^, 
backs outwards i2iin. apart. The spring planks are of steel 



channels 12 by 3^ by ^q — particulars of the bolster springs 
and also of the bearing springs are on the drawing. 

Double-brake blocks are fitted to each wheel, the ar- 
rangement of the rigging being also very clearly shown. 



Recent Patents relating to Railways. 

Thkse abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C, from whom copies of the specifications can be obtained 
at an uniform price of 8J. each. 

Door Locks (Carriage). lo, jjj, 4ih May, 1907. F. 
B, Mowisey, 10, Sheaf Street, and E, Hall, Hawthorn Lea, 
Carlelon, PoultonAc-Fylde, Lancashire. 

This invention has reference to door locking and unlocking 
arrangements under the control of the driver or guard of a 
train. Sliding bolts a serve as locks and engage the bottom 
part of the door. Kach bolt a works in connection with 
springs so arranged as to permit a door to be shut or closed 
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after locking- has been effected, and also to allow the other 
bolts to act readily and without strain should one or more 
bolts stick or be held A convenient way is to pass the 
extremity a^ of each sliding bolt a through a box dy with 
removable cover d}, and to arrange a collar e on each bolt 



passing around a grooved pulley l^ may couple the sliding 
bar or block k to the connecting rod g. Working in con- 
nection with the sliding bar or block k and piston rod i^ arc 
levers or catches, preferably three in number, and all conve- 
niently mounted on a common stud, shaft or spindle m. One 
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shank, such collar being backed up by a spiral spring e\ c', 
one on each side. With each collar e the fork of a bell- 
crank lever /, pivotted on a stud or shaft /* to the box d or 
elsewhere, engages, and the long arm f of each of such bell- 
crank levers hang pendant behind the foot-board and well 
out of the way. All the long arms of the levers on either 
side of a coach are coupled together either by a long con- 
necting rod g or other tie, so that all levers move in unison. 
The presence of one spring in connection with each bolt 
shank a} allows the bolt to yield by compression of the 
spring and so allow of a door being shut even after locking 
has been effected, whilst the other spring allows any parti- 
cular lever to move in unison with the others even if its bolt 
be held fast momentarily or otherwise for any reason. The 
collar e is loose on the shank 0} and the springs c\ e^ are con- 
fined between its extremities, and the collars e^ e*, as fig. 4 
clearly indicates. A sprng h anchored at h} and attached to 
or in connection with each connecting rod g holds the bell- 
crank levers / in such a position as to keep the bolts off. To 
bring the sliding bolts a into action, the connecting rod g 
must be reciprocated and held against the action of the 
spring h until such time as release is to take place, and this 
is done by utilising a vacuum apparatus, or by means of 
fluid pressure acting on a piston so as to have a motive 
power at instant command. At the end of each side of a 
coach is mounted a cylinder and piston apparatus controlled 
to hold-in or set the locking bolts, or to release same. This 
cylinder and piston apparatus may vary considerably so long 
as it serves to hold the connecting rod or tie or move same 
into the locking position and to quickly release same. In one 
construction of mechanism for this purpose a cylinder and 
piston arrangement B is employed, the piston /, and conse- 
quently its rod i^y being shifted by atmospheric pressure 
when a vacuum is created from time to time, or power ap- 
plied behind the piston in the cylinder ^. In connection with 
such piston rod i^ and disposed in a suitable casing ;, is a 
slide bar or sliding block k capable of being locked or held 
when required, the real function of which is to hold the con- 
necting rod g against the spring h and so keep all the bolts 
a locked, and yet be ready for quick release. This sliding 
bar or block k may surround the piston rod 1} and also the 
slotted head ?, or be otherwise disposed, and a flexible tie I 




of these levers or catches, n, is a setting lever. The second 
lever, o, is the locking lever for the sliding bar or block /s. 
The third lever is the releasing lever />. The setting lever has 
a shaped arm v} acted on by a projection k^ on the sliding 
bar or block fe, and a tail-piece n* connected by a spring n* 
to a fixed point n* of the casing /. It has also a tooth or 
abutment n^ The function of this setting lever is to set the 
releasing lever, t.e., move it back and hold it clear of the 
sliding bar or block fe during the first advance. The locking 
lever o has two connected teeth or projections 0^ o^ which 
engage recesses or notches fe* k^ in the back of fe, the lockinj? 
lever o likewise having two tail pieces or lever arms d^ o\ 
The function of this locking lever is to hold or lock the 
sliding bar or block fe on completion of the first advance. 
The releasing lever p has a nose p^y and also a tooth or abut- 
ment p2 and a single tail-piece />^, between which, and the 
lever arms o^ o', springs p^ p^ extend. The main function 
of the lever p is to effect release of the sliding bar or block fe 
by acting on lever o. {Accepted 20th February, 1^08.) 

Surface Traversers. /^,4oj. 74/fe August, 1907. 
F, W, S, Stokes, of Messrs, Ransomes and Rapier, Ltd,, J2, 
Victoria Street, London, 

A traverser constructed according to this invention comprises 
cross plates a forming a platform, which may be regarded 
as constituting very wide cross girders and by the use of 
which the depth required for construction is considerably 
reduced. These plates are enabled to carry the load by longi- 
tudinal distributing girders c d fixed to the upper surface of 
the plates, some of them at the sides of the platform and 
others between these and in proximity to the rails on the 
traverser, but so that they do not contribute at all to the 
distance through which the rolling stock has to be lifted. 
The reactions produced by the loads supported by the rails c 
are distributed by the girders nearer the rails and are col- 
lected again by the outer longitudinal girders and passed by 
them to the travelling wheels. Short transverse girders / 
connecting the girders c with the outer girders of the pairs 
dy serve to carry the traverser wheels g spaced at suitable 
distances apart along the traverser. These wheels are pre- 
ferably mounted on roller bearings and have annular grooves 
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in them which engage a longitudinal rib on the surface of 
the traverser rails /i, so as to avoid the necessity for flanges 
to the wheels with the consequent cutting through of the 
track rails 1. {Accepted 2yfh February, igoS,) 

Brake Hanger. 11,327- 13th May, 1907, J, A, 
Brill^ Woodland Aveuue^ Philadelphia^ U.S.A. 
In order to support and secure the brake in its proper posi- 
tion relative to the wheels and to readily adjust for wear of 
the moving parts, the hanger is formed of rods 9 with balls 
10 at their ends resting in adjustable sockets 11, which in 
turn rest in casings 6 attached to the transom and brake 
beam. Each socket 1 1 is held against its ball by a wedge 12, 
which has a bolt 13 that passes through the cap 14 and is 
held in position by means of nuts 15 and springs 16. The 
socket II is divided into an upper section 17 and a lower sec- 



section 17 rests on top of the ball 10 and is supported thereby 
a short distance from the lower section 18. The se<^tion 17 
has a lip 23, which rests in the slot 8 and slightly overlaps 
the upper corner of the section 18. The upper edge 24 of 
the section 17 is given an inclined form with a plane surface, 
which is adapted to fit and engage a similar inclined plane 
surface 25 on the wedge 12. The wedge 12 is provided with 
cylindrical holes or recesses, in which rest springs 16, which 
also rest against the walls of the casing 6, and tend to force 
the wedge-surfaces 24 and 25 into intimate contact. (Ac- 
ccpted 27th February, igoSj 

Pulleys for Signal wires. iiyigS, 14th May, 1907, 
T. E. Haywood, The Bungalow, Tunnel Hill, Worcester, 
and McKenzie and Holland, Ltd,, Vulcan Iron Works, 
Worcester. 

These pulleys are intended for carrying wires either in a 
straight line or on a curve, the pulley carrier and pulleys 
being adjustable to various angles to suit various curves on 
which the wires may have to run. For this purpose the 
pulley carrier i is provided at the inner end with a pair of 
curved hooks 4 4*, which rest against a seating block 6, and 
a T b'^lt 5 is passed between the hooks and through the block 
6 into the stake 3. The block 6 is formed so as to fit into a 
recess or corrugation in the stake 3, so that it will not turn 
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tion 18. The lower section 18 is composed of two identical 
parts, and each part is provided with a recess, spherical- 
shaped to fit the ball 10, and a tongue 20 and a groove 21, 
which are conveniently placed, so that the parts 18 will con- 
veniently fit together, the tongue 20 of one part entering the 
groove 2\ of the other. The lower portion of the recess 19 
adjoins the flared opening 22^ which is adapted to receive and 
surround, but not fit, the rod 9. The exterior of the section 



Upon the bolt 5, and the upper and lower centre parts 6», 6*^ 
of this block or casting 6 project between the hooks 4, 4* so 
as to prevent lateral displacement or turning of the pulley 
frame or carrier i on or with the bolt 5. The bolt 5 is pro- 
vided with a suitable washer 7 whose inner surface is shaped 
so as to conform to the contour of the stake 3, and a nut is 
also provided on the bolt 5, which when tightened up binds 
the T-head 5* of the bolt tightly in the rounded recess, 
against the inner edges, of the hooks 4, 4*, and thus hold 
the pulley frame securely to the stake 3 either in a horizontal 
position or at an angle as may be desired. (Accepted 2jth 
February^ igo8.) 

Signalling System. ijy 195- ^Ih June, igoy. The 
British Thomson-Houston Co., Ltd., 8j, Cannon Street, 
London. {A communication from the Allgemeine Elektri- 
citdtS'Gesellschaft, Friedrich Karl-Ufer 2-4, Berlin.) 
According to this invention polarised light is utilised to act 
upon selenium so as to cause a signalling device to be ope- 
rated, the system being rendered insensitive to ordinary 
light. An illuminating device a is carried by the moving 
vehicle b, from which only polarised light emanates. Ar- 
ranged adjacent the track is a concave mirror c adapted to 
receive the rays of polarised light and reflect them through 
a double concave lens d upon a NicoFs prism e. The double 
concave lens d is employed to convert the convergent rays of 
light into parallel rays before entering the Nicolas prism. 
Arranged in close proximity to the NicoFs prism are two 
selenium cells / and /^ of approximately equal resistances, and 
these cells are arranged in circuit with a diff^erential relay g. 
When the concave reflector c transmits, unpolarised light to 
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the Nicol's prism this 
light is split into two 
parts of equal inten- 
s i t y ; one passing* 
directly through the 
prism falls upon one 
selenium cell, and the 
other part, being re- 
flected at right angles, 
falls upon the second 
selenium cell. In this 
way the resistances in 
the relay circuits are 
maintained a p p r o x i- 
mately equal, and the 
relay system is bal- 
a n c e d. But when 
polarised light is re- 
flected on to the Nicol's 
prism it either passes 
right through or is 
totally reflected on to 
one or the other of 
the cells, according 
to the direction of 
polarisation, so that 
the relay system be- 
comes unbalanced and 
the diff^erential relay 
Raih^€nameerf5f9c., ^clay operates to close 
or open a signal cir- 
cuit in the known manner. (Accepted 20th February^ igoS,) 
Spark Arrester. 4,669. 26th February, igoy. M, 
Woitzuck, 48 Georgcnkirchstrasse, Berlin, Germany, 
The lower part of the funnel a is surrounded by the annular 
chamber b, into which the exhaust steam is conducted. From 
the chamber b distributing pipes c run into the funnel in 
such «L manner that the various steam currents flowing out 
of them ascend with circular movements along the side of 
the funnel. On the top of the funnel a cylindrical hood d is 
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arranged which supports a wire-netting e and above the same 
a fine mesh netting /. The front of the cylindrical hood is 
provided with sieve-like perforations g, whilst on the oppo- 
site side the hood is eccentrically enlarged to form a receiver 
h. The bottom i of this receiver can be lowered from the cab 
of the locomotive. (Accepted 20th February, igo8.) 

Couplings. iJ,o64. 5th June, igoy, T. A, Brockvl- 
bank, J5, Queen Victoria Street, London. 
This coupling is of that type in which a bent coupling hook 
such as t suspended from the draw hook q is operated by a 
pivotted lever r connected with a transverse rock shaft i* 
having hand levers 3 at both sides of the vehicle. In order to 
enable a coupling of this type to be tightened up, the draw 
hook q, lever r and bracket h* are so mounted as to be 
capable of being moved backwards and forwards. In order 
to effect this movement the draw bar is made in two parts 
connected by a nut c with right and left hand screw threads, 
and bevel gear d d^ isprovided for rotating the nut, capable 



^ 



of being worked from cither side of the vehicle. The bracket 
or carrier h* is connected with the draw bar so as to move 
with it by a plate h'. (Accepted ijth February, igo8.) 

Fog Signalling Apparatus. 10,84$. 9^^ ^^^^V* ^9^7- 
H, F, Clayton, " Craigmhor," Hudders field. 
This apparatus is intended for placing detonators on the 
rail and removing them without the fogman approaching the 
rail, and comprises a detonator holder 10 formed of a l>ent 
metal strip with upper and lower members lo* 10**, and a 




Jtmh^my £/tgtir00r fff9*^^. 



slide 8 mounted on guide rods 6, 7 carried on a frame 3 bolted 
to the sleeper. An operating rod 17 is attached to the usual 
counterbalance lever of the semaphore signal, by which the 
detonator may be withdrawn from the r7il, a spring 19 being 
provided for returning the detonator to the rail when the 
operating connection is released. (Accepted ijth February, 
igoS.) 

Safety Appliance for Air Brakes. 22yig'j, 8th 
October, igoy. Date claimed under Patents Act, igoi — 24th 
October, igo6, W. H, Winks, 404, Randolph Street, Balti- 
more, U.S.A. 

This invention provides a device for automatically applying 
the air brakes of a train should the latter approach an unde- 
tected closed signal, or improperly placed points. For this 
purpose a casing A is connected with the train pipe and has 
one end closed by a protected frangible plate E. Through 
the other end of the casing a rod C is adapted to slide, being 
normally held a short distance from the plate E by a spring 
I), but capable of being moved inwards to break the plate 
E by a tripping lever M, which is operated by the signal or 
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switch to which it corresponds. (Accepied 2oih February, 
jgo8.) 

Brake Blocks. 25,86sa. isth May, 1907. P. 
McCullough and W. Vaux, 14 and 16. Taylor Street, Liver- 
pooL 

This invention relates to brake shoes with detachable wear- 
ing parts which can be readily replaced when worn through. 
The holder h, in which the detachable part a is secured by a 
claw / and key or wedge k passing through holes I in the 
holder and a hole in the lug h, has a recess m to enable the 
detachable part a or shoe proper to have a longitudinal move- 
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ment given to it when being applied or removed. In the part 
n not hollowed out is located the hanger hole o, which can 
thus be brought into closer proximity to the shoe than has 
hitherto been possible with a brake block of this type. The 
part n touches, or is in close proximity to, the rear of the 
grooved flange c of the shoe, and the front edge o* of the 
hanger hole o is only three-eighths of an inch or thereabouts 
from the grooved flange c of the shoe, and the extremities of 
the claw / and lug h are actually at the rear of the edge o^ 
The thickness of the holder is thus reduced to a minimum, 
and the thickness of the shoe is correspondingly increased. 
(Accepted 20th February, 190^.) 

COMPLETE SPECIFICATIONS ACCEPTED. 
1906. 
25865a. Brake blocks for tramway and railway rolling 
stock. McCuUough and Vaux. 
1907. 

^669. Spark arresters and extinguishers for locomotive 
engines and the like. Woilzuck. 

6252. Railway chair and key. Daw and Daw. 

6861. Locking of railway carriage doors. Parry. 

1)264. Automatic fastener for railway-carriage doors. 
Pendlebury. 

<n)25. Railway signalling. Warren, Blades and Wren. 

10058. Method of audible railway signalling. Lacey. 

10373. Locking and unlocking of railway carriage 
dmirs. Mounscy and Hall. 

10845. Fog signalling on railways and apparatus there- 
for. Clayton. 

1 1 198. Pulleys for carrying signal wires. Haywood and 
McKenzic and Holland, Ltd. 

1 1327. Brake supporter for railroad cars. Barker. 

13064. Coupling apparatus for railway vehicles. Brockle- 
bank. 

*3NS- Signalling systems for railways and the like. 
British Thomson- Houston Co. 

U.^23' Moving machine for treating without removal 
railway or other rail deformities. Woods and (iilbert. 

M33J- Automatic coupling for railway and like vehicles. 
I)on;»ld>o!i. 

15H87. Locomolives. Both well. 

i63()5. Air brake, lighting and signalling system. Mayo 
and Houleman. 

*75'**3- <»rooved wheels for mono-railway and tramway 
systems. Kearney. 

18403. Surface traversers for use on railways and tram- 
wax s. StokoF. 

1^558. Electrical locking apparatus for railway signal- 
ling. Siemens Bros, and Co. 

iq84(). Couplings for con'rolling rods of brakes between 
railway and other vehicles. Reid. 



22197. Safety appliances for air brakes. Winks. 
26073. Securing railway carriage doors. Brooking. 
26622. Railway signal and point mechanism. Cumont and Com- 
pagnie de Signaux Electriques Pour Chemins de Per. 

28713. Railway sleepers and means for attaching rails thereto. 



Roberts. 
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thereto. 



1908. 

.Metallic railway sleepers and means for securing railway rails 
Toy. 



Locomotive Journals and Bearings.— I V.^ 

Great Central Railway, 
The engfines of this Company have to make long" runs, as 
trains of all descriptions are often run through from Grimsby 
or Liverpool to Marylebone, and there are reg'ular services of 
non-stop express trains between London and Sheffield, and 
all engines have to be designed to negotiate the Woodhead 
bank, which is about mid-way between Manchester and 
Sheffield, and is pretty much the same in either direction, 
viz., 1 in 120 average for 20 miles. The main lines have 
besides numbers of sharp curves. 

The designs which Mr. J. G. Robinson, M.Inst.C.E., the 
chief mechanical engineer, finds suitable for such work are 
illustrated below. 

Driving Axle Box, fig. 17. — This box has several distinc- 
tive features and details. It is made of wrought-iron and 
faced on the wheel side with a gun-metal plate -ft^in. thick 
fixed on with fin. brass countersunk screws. It is 12^111, 
wide between the horns and S^in. high above the centre, the 
wearing surfaces on the horns being- 6f in. by i6Jin. and the 
flanges lin. wide. The axle box carries a dead weight of 
7i tons. The oil channels on the sides next to the horns are 
shown on the drawing. 

The Bearing- fits into the box which is machined out 
square with a flat seat, the corners being" removed as shown. 
It is prevented from moving^ laterally by an annular ring 
(6^in. outside and 4Jin. inside diam.) which fits into a recess 
turned out for it in the top of the box to a depth of ^in. The 

*Previous articles of this series appeared in Febiuary, March and May, 190S. 



Fig. 17.— Driving Axlt Box; Gre«f Central Railway. 
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bearing is 8 Jin. long for a journal Sin. diam. by Qin. long. It 
has two white metal insets about 3in. by 6}in. long. 

TTie Keep is made out of cast-iron. Its sides arc carried 
up to meet the sides of the bearing. It rests on the T-head 
(which is the full width of the inside of 
the box) of the wrought-iron spring-link 
and upon two wrought-iron pins, Jin. 
diam. The top of the box is cut out to 
form a large round-ended oil-well 
loj by 6^ by i|, and from this the 



Conneciitifr Rod, fig. 18. — This is the rod used on several 
classes of inside cylinder engines on the Great Central R. 
with cylinders up to igln, by 2()in. coupled wheels, 6ft. gin. 
diam., and a working boiler pressure of i8olbs., and 
although it has a strapped big-end it yet differs in the de«:ign 



Fig. 18.— Connecting Rod ; 
oil is syphoned by trimmings down two |in. wrought-iron 
pipes (which are extended to enter the gun-metal bearing to 
a depth of |in.) into an oil channel (J by -^ by 6J) along the 
crown of the bearing. The oil is fed into the well through 
the brass nipple riveted into the cover from a lubricator on 
the splasher or frame plate. 



Fig. 19. —Coupling Rod ; Great Central Railway. 

The top of the box is closed by a steel plate Jin. thick 
which is prevented from shifting by four studs (J by ij) 
riveted to its under side and which fit against the sides of the 
oil-well. The cover is also provided with a coiled spring 
2i in diam. of /, ^o- ^'^e to prevent it rattling. 



Great Central Railway. 

of the details from others of which we have published the 
drawings. The rod, which is 6ft. sin. long between the 
centres, is made of mild steel. It is solid and tapers from 
4 Jin. by i|in. to 3iin. by ijin., the corners being rounded 
off to a radius of i^in. 

The Big-Knd Bearing is 8Jin. diam. by 3 Jin. long and is 
made of phosphor bronze with large 
white metal insets, arranged as 
shown, to take the thrust and pull. 
It is attached to the butt end of the 
rod by a square-ended wrought-iron 
strap having a middle section of ajin. 
by 2 Jin. The strap is fastened by 
two wrought-iron bolts i^in. diam. 
provided with lock nuts and secured 
by a T^in. split pin. The bearing is 
adjusted by means of a steel wedge 
(retained in place by the flanges of the 
bearing) and a tapered key prevented 
from slacking back by two steel fin. 
set screws and a split key. The butt 
end has a large lightening hole cut 
through it. 

The Oil Cup is solid with the strap and 
is bored out to 2| in. diam. It is closed 
with a brass cap which has a filling 
hole through it tapped to receive a wooden plug or cork. The 
oil is syphoned by ordinary trimmings down a J*"- f^^d hole 
to the oil channels cut in the bearing surface as shown on the 
drawing. 

The Small-End is solid J^in. wide. It is fitted with a 
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phosphor bronze bush having a bearing- 3in. diam. by 3|iin. 
long. The halves of the bush are adjusted by a steel wedge 
threaded on a steel bolt lin. diam. which is fastened by a 
^in. steel pin ri vetted through the rod and locked by a 
square iron washer which fits over the hexagonal head and 
into a recess cut for it in the end of the rod and secured by a 
-j^in. split pin. 

The oil cup, which is larger than is generally provided on 
small-ends, is of the same pattern as that on the big-end. 

Coupling Rods^ fig. 19. — ^These rods are for 6-coupled 
goods engines with inside cylinders iS^in. by 2oin., wheels 
5ft. lin. diam., and 180 lbs. boiler pressure. They are made 
of forged steel machined to a flanged or I section, 4jin. 
deep by 2iin. wide parallel throughout, the web being Jin. 
thick. The channels are 3in. deep and taper towards the 
web as shown; all the comers and fillets are Jin. radius. The 
leading rods are 8ft. lin. long between the centres, from the 
driving centre to the knuckle joint is 6iin., and from the 
joint to the trailing centre is 8ft. 5|in. 

Tlie driving pin journals are 4in. and the leading and 
trailing pin journals are 3iin. diam., all being 4}in. long. 

All the Bearings are gun-metal bushes flanged at the in- 
side ends — forced into the rod eye and further fixed with steel 
keys Jin. by ^in. ; the driving bushes are ^in. thick, and 
the others |in. They are all completely lined with white 
metal tVin. thick except in four places, as shown on the 
drawing. The bushes and lining are further secured by fin. 
steel set screws put in from underneath. The lengths of the 
bearing are 4iiin. driving, 4jin. leading, and 4Vin. trailing. 

The oil cups are of precisely similar construction to those 
of the connecting rod. 

The Knuckle Joint Pin is of steel. It is tapered in the 
jaws of the fork and prevented from turning by a Jin. peg 
as shown, and secured with a washer and nut and -^'m, split 
pin. The bearing, which is not bushed, is 2iin. diam. by 
I Jin., the length between the jaws being ijftn. 

The coupling rods are retained in position by the usual 
flanged nut and tapered pin split at the small end. 

(To he continued.) 



Rust and its Prevention.* 
Perhaps in no branch of metallurgical science has a greater 
advance been made during the past few years than in that 
relating to the corrosion of iron and steel. That this 
phenomenon is worthy of even more attention than is now 
paid to it is, however, self-evident. 

Not only has the structural and mechanical engineer 
reason to deplore the propensity to rust of iron and steel, but 
the metal merchant and warehouseman, the ironmonger, and 
even the householder welcomes with all too credulous eager- 
ness the advent of every new rust-preventative. 

Yet it is to the metallurgist or the chemist that we must 
look for a solution of the problem — if solution is to be found; 
no practical reipedy can be effective which is not based upon 
firmly -proven-theory. 

^ A review of the current theories on the formation of rust 
might not be without its advantages. The first to which we 
can attach any importance is that due to Grace Calvert, 
which was supported and extended by Prof. Crum Brown 
in a paper read before the Iron and Steel Institute in 1888. 
This theory, which, for the sake of distinction, may be called 
the •• Chemical Theory,'* has stood, with only minor altera- 

* Abstract of a paper read before the Birmingham University Metallurgical 
Society by M. Thornton- Murray. 



tions and additions, until the present. It states that the 
essentials for the formation of rust are: — Iron and steel, 
oxygen, carbon dioxide, and liquid water (not water vapour). 

Bi-carbonate of iron is formed during the reaction, but 
inter-acts with the oxygen of the air to form hydrated ferric 
oxide, 2Fe20g3H20(which is commonly known as rust), car- 
bon dioxide and water. It will be gathered that, so far as 
the carbon dioxide and water are concerned, the action is 
cyclic; so that, given fresh supplies of oxygen and metallic 
surface, the action will continue indefinitely. 

A practical result of this is that rusting action is very 
much more rapidly set up in interstices and crannies, or 
upon already rusted areas, where evaporation is slow, than 
upon smooth, plane surfaces. The resistivity to rust of a 
razor is mainly due to its relatively smooth surface, from 
which water (containing carbon dioxide) rapidly evaporates. 

Calvert's theory has been to some extent modified by 
subsequent experiments, but Dr. Allerton S. Cushman, of 
the Department of Agriculture, Washington, D.C., led 
scientific thought into entirely new channels. In his paper 
on the electrolytic theory of corrosion of iron and steel, he 
has gathered together all the evidence which might cast 
doubt upon the chemical theory, supplemented it by brilliant 
original research; and added one of the finest contributions 
extant to the literature of rust. 

Briefly, his theory asserts that rusting is mainly an elec- 
trolytic action promoted by irregularities in the metallic sur- 
face, and that the carbOn dioxide and water, forming car- 
bonic acid, tend to strengthen the electrolytic and facilitate 
the reaction. To enter into the details of his work would be 
out of place here, and those sufficiently interested should 
endeavour to gain access to the paper itself, or to some 
abstract from it. Apart from the numerous convincing 
proofs with which Dr. Cushman supports his assertions there 
are a variety of phenomena which tend to show that rusting 
is intimately connected with electricity. The fact that 
underground pipes in the vicinity of leaky electric cables 
tend to corrode much more rapidly than others ; the greater 
liability to corrosion of magnetised steel ; the encourage- 
ment of iron and steel to rust by the juxtaposition of metals 
electro-negative to iron, such as lead, tin, and copper — all 
these point to the existence of a very close relation between 
corrosion and electrical phenomena. 

The establishment of an electro-motive-force between 
clean iron, and iron partially rusted, has been many times 
demonstrated, while a similar, but reversed action between 
clean iron and magnetic oxide of iron (smithy scale) has also 
been proved. In this latter case, the iron is electro-positive 
to the oxide, so that the effect of the action is very much 
more deleterious to the metal. 

Mr. E. F. Law, in a paper on Non-Metallic Impurities in 
Iron and Steel, has drawn attention to this point, and sug- 
gests that it is from this cause that corrosion takes plate 
very much more readily at a weld (where there is sure tc be 
some magnetic oxide of iron) than elsewhere upon a oiece 
of iron or steel. 

Attention is also drawn in the same paper to the injurious 
effects of dissolved oxide in steel, and of particles of in- 
cluded slag upon resistivity to corrosion. All these remarks 
seem to point to the necessity of producing iron or steel as 
homogeneous as possible under the particular competitive 
circumstances which obtain. At least where resistivity to 
corrosion is of paramount importance, it cannot be too 
strongly urged upon buyers to buy good steel or iron, even 
though the price is a little higher than that of poorer 
qualities, since the latter, no matter how carefully both are 
protected with paints or other covering, is sure to have a 
shorter life than the former. 

With regard to the relative ascendancy of one of the 
materials — wrought iron, cast iron, and steel — over the 
others as a rust-resister, much discussion has taken place. 
Of course cast iron with the ** skin '' on is a very much more 
resistant material than either of the others, but once this 
skin is removed it descends much to the level of the other 



Digitized by 



Google 



202 



The Railway Engineer. 



June, 1908. 



two. Whether wrought iron or mild steel is the more resis- 
tant to corrosion is a very open question, probably depending 
upon the closeness and evenness of texture of the materials, 
though Professor Turner points out that for boilers and the 
plating of ships mild steel is slightly better than wrought 
iron with regard to rusting propensities, but that wrought 
iron possesses a small advantage over mild steel in ordinary 
atmospheric air. 

If high-carbon-steels are more resistant to corrosion, it 
is probably because of their greater homogeneity, since no 
relation between carbon contents and resistivity to corrosion 
has been established. 

Phosphorus and silicon generally tend to produce cor- 
rosion in steel and iron — indeed, the latter in high percen- 
tages (up to about 20) make a material very difficult to 
attack by even hot, strong acids. Manganese in steel, prob- 
ably owing to its relatively irregular distribution, tends to 
promote corrosion, while nickel and other '* special steel*' 
alloying metals seem to make for greater resistivity. 

These differences, however, are of little commercial im- 
portance, since, except for very special purp)oses, the inser- 
tion of these elements in proportions large enough to render 
the metal non-corrosive is quite impracticable. The engineer 
is forced therefore to record to the unsatisfactory expedient 
of applying an outer coat of protective material to his iron 
or steel. 

Perhaps, in metals used in other than structural engineer- 
ing, the most used, and most important, covering consists of 
some other metal. Tin plated goods are very widely used 
and sold, and it would not, perhaps, be inadvisable to deal 
with them here. To begin with, then, tin forms an excellent 
protective covering for a variety of purposes. The metal is 
malleable and adheres firmly to the iron or steel, so that a 
considerable amount of work may be applied to the tin plated 
article without stripping or cracking the covering metal. But 
tin is easily attacked by alkalies, and (here is its chief draw- 
back) being electro-negative to iron it promotes corrosion 
rather than retards it, once an opening has been made in 
the covering and the tin and iron are exposed to the rusting 
action of wet and air. 

For this reason zinc is an excellent covering, for it is 
electro-positive to iron, and tends to re-deposit on the iron 
if any electrolytic action is set up. But zinc is a brittle 
material, very liable to corrosion by acids, so that it an 
article is galvanized too thickly the covering metal will tend 
to scale off, while too thin a deposit is soon completely dis- 
solved away by the atmospheric acids. In spite of these 
drawbacks, however, it is deservedly very largely used as a 
rust-preventative. 

Electro-plating with copper, nickel, brass, and even 
silver and gold is, of course, very largely resorted to, and 
these metals form an excellent covering and give the article 
plated a good appearance, but against them all the same 
objection is to be urged ; once broken through they rather 
aggravate than retard the corrosion of the metal which they 
arc intended to protect, since they are all electro-negative to 
iron. 

A variety of special anti-rust paints have of late appeared 
upion the market, their office being to give a stronger, more 
elastic covering than ordinary paint affords. 

To light engineering work, however, these are not 
especially applicable, and for this purpose a process (patent 
No. 8667/06) invented by Mr. T. W. Coslett, of Birming- 
ham, is likely to be widely adopted. This consists in im- 
njersing the article in a hot phosphorized solution together 
with an iron compound. The surface of the iron is converted 
into a mixture of ferrous and ferric phosphates, and pre- 
sents a pleasing dull-black appearance. The process makes 
the iron highly resistant to corrosion, and is being applied 
to all kinds of light engineering. work, such as cycle frames, 
gun-barrels, stampings and press work. 



Distribution of Cuppent to Tpains on Electric 
Railways.— VI. 

Distribution by Two and Three Phase Alternating Currents. 
At the present time one of those interesting struggles that 
are so common in the engineering world is taking place 
between di.stribution by single phase and by three phase 
alternating currents. Two phase currents are also em- 
ployed to a limited extent, but the main struggle is between 
single phase and three phase. Two phase and three phase 
alternating currents were introduced when the large develop- 
ment in the use of electricity for lighting and power took 
place, some ten or fifteen years ago, because, as already ex- 
plained, the single phase motor would not do what the con- 
tinuous current motor will. It was practically out of the 
running for the great majority of power work, and parti- 
cularly for railway locomotive work. Two phase and three 
phase motors will do practically all that continuous current 
motors will do, and they have certain features of their own 
that are advantageous in certain cases, but are disadvan- 
tageous in others. They run at practically uniform speed.s, 
for instance, under all loads, until a large overload is 
reached, the amount of overload depending upon the con- 
struction of the motor. There is not space in these articles 
to deal with the construction and working of two and three 
phase motors, but it will be wise to understand what two 
and three phase currents are. Single phase alternating cur- 
rents were described in a previous article. Two phase cur- 
rents are merely two single phase currents, gxjneratcd in one 
machine, and used in one motor. The two currents are 
generated perfectly ind^'pendently in the generator, and are 
used perfectly independently of each other in the motor, and 
have to be conveyed from generator to motor also perfectly 
independently of each other. The two currents rise, and 
fall, and reverse exactly in the same way as the single phase 
currents do, but an interval occurs between the two cur- 
rents, equal to a quarter of the period covered by the cycle on 




X,X,. X, isphasci. 
X,, X3, Xft is phase 2 



I^g' 27- — Diagram of two phase currents, 
which the alternating current is working. Fig. 2j shows 
diagramatically the arrangement of two phase currents. One 
current commences from O, rises to its maximum, falls to O, 
reverses, rises to a maximum in the opposite direction, falls 
to O, and recommences again. The second current does not 
commence until the first current has reached its first maxi- 
mum, and is always a quarter of the full period behind it. 
It rises and falls and reverses, just as the first current does, 
but it reaches its maximum when the first current has 
reached its second zero. The second current reaches its 
second zero when the first current has reached its second 
maximum, and so on. With three phase apparatus there 
are three distinct currents, each rising and falling and re- 
versing, just as the ordinary single phase current does, the 
three currents following each other at intervals of one-third 
of the total period. Thus, the first current has passed its 

•No. I. of ibis series appeare I in the A*athvav Engineer ^ Augiwi, 1907 • 
No. II. in (;ciol)cr, 1907 ; No. III. in December, 1907 ; ' 

No. IV. in February, 1908; No. V. in April, 1908. 
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first maximum, and has reached a position one-third towards 
its second zero» before the second current commences, and 
when the second current reaches its first maximum the 
first current is one-third of its way towards its second maxi- 
mum. The third current does not start until the second cur- 
rent has passed its first maximum and reached a position one- 
third of the way towards its second zero, the first current 
having then reached a position two-thirds of its way towards 
the second maximum. The three currents follow each other 
in this way just as the two currents do. Fig. 28 shows 
three phase currents diagramaticaliy. There is one peculiar 
feature about the three phase currents; the algebraical sum 
of the three currents or the three pressures at any moment 
is O. Fig. 29, which is the clock diagram reproduced, will 
show this for one case. As before, the radius moving round 





X,X,.X«.X«isphasei 
X^, X4. X7 is phase 2 
X», X, i< phase 3 

Fig. 28. —Diagram of three phase curients. 
the centre O sweeps out the angle, the sine of which repre- 
sents either pressure or current, as may be arranged. Taking^ 
as before, X Y X Y as the circle, swept out by the radius, 
and assuming the third phase to be at O^, the second phase 
will then be represented by O P^ and the first phase by O P*. 
The perpendiculars P^ N and i'l N dropped from Pgand Pj 



Clock diagiam showing 
that the algebraical sum 
of the pressures or cur- 
rents with three phase 
at any instant = 0, P^ 

= 0. r., = p,=o. 



Fig. 29, 
upon the X O X, which represent the values of the sines of 
the second and first phase respectively, it will be seen 
coincide, and are equal and opposite. As the sitie of the 
third phase is also O, the algebraical sum of the three is O. 
And this applies to any position in which the three phases 
may be. Clock diagrams made with the different phases, in 
different positions, but always 120° apart» will show that 
the algebraical sums of the values of the sines are always 
equal to O. Two phase currents are carried by two inde- 
pendent circuits, and in the ordinary course of working re- 
quire four wires. It is as though two single phase machines 
were connected together by their axles, each delivering its 
current to its own wires. But there is a method of working 
two phase apparatus with three wires, the third wire forming 
the common return. This arrangement is perfectly practical, 
because the two currents being spaced in time, a quarter of 
a period apart, do not interfere with each other in the third 
wire. In ordinary power work it is usually not wise to em- 
ploy this arrangement, because there is always the danger of 
making connection between the two wires ot the two phases, 
for supplying current to lamps, where the connection should 
be made between one of the wires of the two phases and the 



common third wire. With railway work this objection does 
not hold, and therefore two phase currents are sometimes 
employed, with two overhead conductors, the rails forming 
the common return. It will be seen that the arrangement is 
practically a duplication of single phase distribution. Further, 
in a few cases the duplication has been carried so far as to 
divide the two phases, using one phase say for up line trains, 
and the other phase for down line trains, in viery much the 
same manner as explained in connection with the three wire 
system employed on the City and Waterloo R. 

There is the same objection to the use of the rails for a 
return with two phase currents as with single phase. The 
objections are in fact accentuated by the fact of the rails 
having to carry the two sets of currents, but the convenience 
of the employment of the rails as a third conductor is so 
great that the other objections have been overruled. In 
addition, the writer understands that return conductors have 
not always been employed where the rails are used for a 
return either with two or three phase currents, the skin 
effects mentioned in a previous article being lessened by re- 
ducing the periodicity of the service. 

By periodicity is meant the number of complete cycles, 
the number of complete alternations, positive and negative, 
from the first zero, through the first maximum, through the 
second zero and the second maximum to the third zero, that 
occur in one second. In the early days of alternating cur- 
rents, when they were only employed for lighting, period- 
icities as high as 166 per second were employed, but such 
figures would be absolutely unworkable for railway purposes. 
The number of periods or cycles has been steadily decreas- 
ing. For ordinary lighting work it now stands usually at 
about 50 per second, 3,000 per minute, and for power work 
it has fallen as low as 15 per second. Where lighting is 
taken from the same service as power the sensitiveness of 
the electric incandescent lamp to small changes of pressure 
has ruled the minimum number of periods that could be em- 
ployed. When the alternating currents succeed each other 
very rapidly, as with 100 periods per second, and even with 
50 periods per second, there is no appreciable change in the 
heating effect produced in the carbon filaments of the lamps; 
but when the periodicity is 25 a very keen observer may 
sometimes see slight changes, and at 15 periods it is dis- 
tinctly visible. .Vgain, however, the great convenience 
attending the use of the rails, and the effect that a wink in 
the lamps of a railway train, does not seriously matter, con- 
sidering the fact that passengers* eyes are in a constant state 
of vibration, owing to the motion of the train, and therefore 
a periodicity of 15 is being established in connection with 
railway work. The low periodicity has a very important 
effect upon the increase of resistance mentioned^ due to the 
inductive effect between the particles of the conductors them- 
selves, owing to the rapid changes in current. The less 
rapid the changes the less is the inductive effect, and the 
less is the screening effect upon the conductors. 

Distribution with Three Phase Currents. 

As indicated above, two phase currents have not come 
much into use for railway work. Either single phase or three 
phase currents are employed in all cases where alternating 
currents can be used; and further, the distribution service, 
even where single phase currents are employed, is carried 
out by means of three phase currents. 

The arrangement of three phase currents was described 
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above. For their distribution only three conductors are re- 
quired, as against four for the usual two phase distribution; 
but on the other hand, where it is convenient, four wires can 
be employed with three phase working^. As explained, three 
phase currents may be considered as being generated by three 
independent single phase machines, arranged for convenience 
in one, but there is the peculiar feature mentioned above, 
that only three wires are required for distribution. On the 
generator, and on the motor, there are three distinct sets of 
coils, each set of coils generating current independently in 
the generator, and receiving current independently in the 
motor. But the feature mentioned above, that the alge- 
braical sum at any instant of the three currents, or the three 
pressures, enables only three conductors to be employed for 
distribution. The three conductors may be looked upon as 
forming three independent circuits. Calling the three con- 
ductors I, 2 and 3, conductors i and 2 with t\ve coils of the 
generator and the coils of the motor between them, form one 
complete circuit, independent of the others, except for what 
is called mutual induction. Conductors 2 and 3, with the 
coils of the generator and motor connected to them, consti- 
tute a second complete circuit quite independent of the 
others, except again for the mutual induction mentioned. 
Conductors i and 3, with the coils of the generator and 
motor connected to them, form a third complete circuit, in- 
dependent of all the others, except for mutual induction. It 
should be mentioned that induction takes place between the 
coils of the different phases, on both the generator and the 
motor, and also between the conductors carrying the currents 
of the different phases, this being known as mutual induction. 
There is not space in these articles to deal with this matter, 
and therefore it will be merely noted, with the remark that 
every effort is made to reduce the mutual induction between 
the currents as much as possible, and for that purpose the 
conductors are kept as close together as they possibly can be. 

It will be seen that, just as with the two phase system, 
the three phase system may be looked upon as three single 
phase currents, and the three currents may be used inde- 
pendently, providing that a balance is always maintained 
between the three. The mutual induction mentioned above 
increases very rapidly if one of the phases, either in a two 
or three phase system, is more heavily loaded than the 
others. This, it will be understood, constitutes one of the 
problems involved in the adaptation of three phase currents 
for railway work. 

There are three methods therefore by which three phase 
currents may be employed to deliver currents to railway 
trains. 

(i) The three currents may be delivered to the train by 
three overhead trolley wires. 

(2) The three currents may be delivered to the train by 
two overhead conductors, and one conductor occupying the 
same position as the return with a single phase service. 

(3) Two phases may be taken from two overhead con- 
ductors, arranged to supply two different lines of railway, 
say the up and down line, or two different sections of rail- 
way, both up and down line, the third conductor occupying 
the position of the return, as in the single phase system. 

(4) The three phases may be taken from three overhv^ad 
conductors, each independent of the other, and each having 
a conductor fixed in the track, either the rails or a return 



conductor, as with single phase currents, the one return 
being common to all the phases. 

The first method was that employed in the special experi- 
ments on high speed working that were made in Germany. 
It was thought that at the very high speeds that were con- 
templated it would not be wise to employ the track, nor even 
a conductor bonded to the track, for a return, and therefore 
the three overhead conductors were fixed by the side of the 
line, vertically one above the other, and three special trolleys 
of the bow type were arranged to make contact with them. 
So far as the writer is aware, this is the only case in which 
three overhead conductors have been employed for three 
phase railway working. 

The second method is that which has been employed with 
such success in the Swiss Burgdorp-Thun R. that was elec- 
trified by Messrs. Brown, Boverie and Co. some 9 or 10 
years back. It was also employed on the Valtellina R., and 
other railways have adopted it since. 

The third and fourth systems are gradually coming into 
use, in different parts of the world, as the single phase motor 
is developed. The single phase motor pure and simple, it 
will be remembered, is not a practical one for railway work, 
but the continuous current motor, with tappings for singte 
phase currents, in addition to the usual commutator for con- 
tinuous currents, and with special arrangements for meeting 
the different requirements of working, has proved a very 
successful apparatus, and it is leading to the use of single 
phase currents for railway work generally. 

With the use of three phase currents and single phase 
currents the pressure employed at the trolley wire and be- 
tween the trolley wire and earth has steadily increased. It 
will be understood, from what has gone before, that the 
more the pressure can be increased the smaller the current 
that has to be delivered to the moving train, and therefore 
the greater the ease with which it is collected, and the 
easier the working of the system generally. In the Burg- 
dorp-Thun R., referred to above, the pressure between the 
three phases, and therefore between each of the overhead 
trolley wires and the track, was 750 volts. At the time when 
this plant was installed a considerable uncertainty existed 
as to the safe limit that might be adopted for overhead 
trolley wires in railway working. Up to that time 500 volts, 
had been the pressure employed for town tramway services 
and for the short railways that had been electrified, this pres- 
sure having been taken by the American electrical engineers 
for their early installations as the limit that was considered 
safe in those days. The authorities who were responsible 
for the working of the Burgdorp-Thun R. were anxious 
to have the railway run at this pressure. The engineers, on 
the other hand, wished to raise the pressure to 1,000 volts, 
and accordingly a compromise was effected, and the system 
was worked at 750 volts. The Valtellina R. is worked at 
3,000 volts, and the great majority of the railways, single 
phase, two phase and three phase, that have been established 
since have adopted that pressure. Recently, however, the 
tendency is to increase the pressure to 6,000 or 6,600 volts, 
and for the following reasons. As explained in previous 
articles in The Railway Engineer^ in any electrical distribu- 
tion system, doubling the pressure allows a conductor of a 
quarter the size to be employed to distribute any given 
amount of power, whether for lighting or traction, to any 
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distance; or per contra, doubling^ the pressure and keeping 
the trolley wires the same size quadruples the economical 
distance over which the current can be distributed. On the 
other hand, there appears, so far as experience up to the pre- 
sent goes, to bfe no difference between the danger to life from 
3,000 volts and 6,000 volts. In fact, after a pressure of 
something like 100 volts alternating is passed the danger 
to life appears to be practically the same until very high 
pressures indeed are reached; and further, it has been found 
in practice, paradoxical as it may seem, that very high 
pressures are even less dangerous to life than comparatively 
low pressures. Many men have received very severe shocks 
from very high pressures, and have escaped with merely a 
severe burning, while others who have been subject only to 
very low pressures, 200 volts and less, have been killed. 
And the reason is, it very frequently happens that when a 
man touches a conductor in which a very high pressure 
exists he docs not grasp it, as he frequently does with a 
comparatively low pressure conductor, and consequently an 
arc is formed between the conductor and his hand, or what- 
ever part of his body has accidentally touched the conductor, 
the arc searing the flesh very painfully for the time, but 
effectually barring the passage of a killing current owing to 
the very high resistance set up by the charred skin, etc. The 
use of high pressures also is incidentally of advantage in 
another way. It enables the number of sub-stations to be 
considerably decreased, and sub-stations, it will be under- 
stood, mean expense, even when they only consist of 
stationary transformers fixed on poles by the side of the 

line. 

(To he continued.) 



Official Reports on Recent Accidents. 

At Wast Hampttead Station, Met R. Ott 26th (ktobtr. Major J, 
W, PringU reports that :— 

The 7.57 a.m. down train, Baker Street to Willesden (»r«»en, stand- 
ing at ihe platform, was run into by the 7.41 a.m. ex Baker Street to 
Neasdcn. 

Each train was composed of six 8-wheeled coaches, the first and last 
being motors. The colliding cars were telescoped. The under frame 
of the moving car passed underneath the platform of the standing car, 
whilst its body forced its way for a distance of 36ft. inside the other 
body. 

l*he motorman of the colliding train was seriously injured. 25 pas- 
sengers were injured and 3 ^ere killed. 

Both trains were fitted with the Westinghouse quick-acting auto- 
matic brake. 

The collision occurred about 7.52 a.m., during a thick fog. 

West Hampstead Station is between FinchTey Road and Kilburn- 
Brondesbury Stations. The arrangement of line*, etc., at West Hamp- 
stead is shown on the plan. The line rises from Finchley Road through 
West Hampstead at 1 in 263. 

The railway is equipped with the block system of electric lock and 
block signalling devised by Mr. .Spagnoletti. By this invention the 
movement of a train over treadles releases the block instruments. These 
in turn, when operat*»d by the signalman, release the levers by which 
the outdoor signals are worked. 

Dealing with the down line only, between Finchley Road and Kil- 
bum Stations, there are in the signal-box at West Ifampstead three 
movable dial or disc instruments m use for working the traffic, in 
addition to the bell instruments. One of these (referred to hereafter as 
A) IS known as the down disc instrument to Finchley Road, and deals 
with the section of the line between the starting signal at Finchley 
Road and the home signal at West Hampstead. This section of road 
is controlled by the mutual co-operation of the two signalmen at Finch- 
ley Road and West Hampstead. The disc readings in this instrument 
(A) are ihrei? in number :— 1. Train on line — on a red disc. 2. Line clear — 
on a white disc. 3. Neutral— half red. half white disc. The readings 
are dupticatrd in a similar Instrument (.\t) in Finchlev Road signal- 
box. The second, refpired to hereafter as (B), is known as the down 
*• additional " disc instrument, and deals with that section of the line 
between the down home and down starting signals at West Hamp- 
stead. The signalman at West Hampstead has sole c<mtrol over this 
section of road. There are only two positions of the disc in this instru- 



ment, viz. : *• Train on line '* and '*Line clear.'* The third (C), known 
as the do^n disc instrument to Kilburn, refers to the line between 
the down starling signal at West Hampstead and Kilburn. Again, 
two signalmen, i.**., at West Hampstead and Kilburn, are mutually 
responsible for the vorking for this section, and an instrument (Cl) at 
Kilburn duplicates the instrument (C) at West Hampstead. The normal 
position of all these instruments is with the disc showing "Line clear.*' 
The method of signalling is as follows: F. H, and K, representing 
the signalmen at the three stations. F signals a train on the bell 
instrument to H, in accordance with the Bell Code, and unpegs the 
white key of his instrument .\^ If the line be clear, H acknowledges 
the bell signal by repetition, presses down the red key of his instrument 
.A, and lowers his down home signal. He releases the lock of this 
signal levei* by pressing down the key of his instrument (B). The action 
of pressing down the red key of instrument A electrically releases the 
lock on the starting signal at F, and causes the ** Train on line " red 
disc to appear on both the instruments A and A^. F then lowers his 
starting signal and replaces it to danger when the train has operated a 
treadle in advance of it. F's starting signal now remains locked until 
it is again released by H. When the train has passed over the treadle 
167 yards in front of the down home signal at H, the disc of the 
instrument (A) will be released, and, simultaneously with that of (A*), 
will swing into the neutral position. H then rings ** Line clear " on 
his bell instrument to F. F acknowledges this bell signal by repetition, 
and pegs the white key on his instrument (A*) to '* Line clear." This 
causes '* Line clear ** to show on the disc of instrument (A) also. H 
replaces his down home signal to danger, and signals the train to K, 
who releases the starting signal at H in the same manner as was done 
by H for F. 

At this moment the disc of instrument (B) will be showing " Train 
on line," and, so long as it remains in this position, H cannot, in 
normal working, again lower his down home signal to allow a train 
from F to enter the station. When the train has left H, and passes 
over a treadle 103 yards in advance of the down starting signal, the 
" Train on line " disc in (B) is electrically released and the disc ** Line 
clear" is automatically displayed. Signalman H can then, by pressing 
down the key of his instrument (B), release the lock on his down home 
signal. 

.Shortly, the electrical interlocking ensures that the passage of a 
train over a treadle in front of the home signal at West Hampstead 
releases the instrument' (A). This release allows the signalman at West 
Hampstead to free the lever working the down starting signal at 
Finchley Road. Again, the passage of a train over a treadle in front 
of the down starting signal at West Hampstead releases the disc 
instrument (B) which permits the signalman at West Hampstead to 
free the lever working his own down home signal. It must be noted 
that the disc instrument (B) is only released if the treadle in front of 
the down starting signal is operated whilst the starting signal lever is 
in the safety position. If the signal lever is at danger when the treadle 
contact is made the instrument (B) will not be released. 

Lock indicators are provided in the signal-t>ox behind each signal 
lever which is electrically controlled. These visually indicate whether 
the lock i« **on" or "off." 

In case of a failure of the elettrical releasing arrangements, or 
when a train arrives at the station, but does not proceed further, it is 
necessary to provide means whereby the signalman can release his disc 
instruments, and his lever locks. For this purpose there are fixed in 
the signal-box a number of small release boxes with glass fronts. These 
contain release springs, which when operated by hand release the disc 
instruments. 

Extracts, from the General Rules and Regulations, from the In- 
structions for Working the Lock and Block System, and from the In- 
structions respecting the use of the release or key-boxes, which have a 
bearing upon the conduct of the men concerned in this case, are as 
follows : — 

(i) Extracts from General Rules and Regulations applicable on the 
Metropolitan Railway. 
6. The safety of the public must, under all circumstances, be the chief 
care of the servants of the Company. 

Detention at home or starling signals. 
55. On any occasion when the presence of a train .... may 
be unknown to, or may have been overlooked by, the signalman, the 
engine driver must immediately sound his whistle, as a reminder to the 
signalman of the position of the train, and continue doing so at frequent 
intervals. 

(a) In case of detention at a home, starting .... signal, 
the engine driver must immediately sound his whistle, and, if still 
detained, the guard .... must .... notwithstanding 
the lock and bloi-k system of train signalling being in operation, 
go into the signal box and remind the signalman of the position of 
the train, and remain there until the signalman can give permission 
for it to go forward. 

In foggy weather .... the guard .... must im- 
mediately upon the train coming to a stand, proceed to the signal 
box. 

Working of points and signals. 
56 (a). In case of failure of any of the electrical or mechanical 
apparatus, immediate notice mu«t be sent to the linesman or signal 
fitter, as the case may be, whether the defect continues or not. 

Oi. When a signal other than a distant signal has been lowered for 
the passing of a train, it must not .... be again placed at 
danger, until the last vehicle of the train has passed it . . . 
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61A. If the full view of the train from the signal box is obstructed 
by fog or any other cause, the stationmaster or other person in charge 
must arrange for a competent man to advise the signalman when each 
train has passed clear of the station. 

Signalling in foggy weather, tT-r. 
78 (a). In foggy weather .... it is the duty of a station- 
master or other appointed person to take care that fog-signalmen are 
employed at all places where their services are required • • • 

(aa) During foggy weather .... it is the duty of the 
foreman of the permanent way to take care that fog-signalmen are 
provided when necessary at all places where their services are re- 
quired. 

Control and Working of Stations. 
90 (a). Every stationmaster or person in charge of a station . . . 
is responsible for the faithful and efficient discharge of the duties de- 
volving upon all the Company's servants .... employed at the 
station, and such servants are subject to his authority and directions 
in the working of the line. He is also responsible for the general 
working of the station being carried out in strict accordance with the 
Company's regulations .... 

q6. The stationmastei must make himself thoroughly acquainted 
with the duties of the signalmen at his station .... and satisfy 
himself that they perform them in a proper manner .... and in 
order to maintain a proper supervision over the men in this respect, he 
must frequently visit the signal-boxes. 

(2) Extracts from Instructions for Working the Block System, 
combined with spagnolem's electric interlocking apparatus. 
Revised Code of Bell Signals in operation on and after ^oth June, 1904. 



In all cases of failure of the electric locking, however caused, and 
whether intermittent or continuous, the lineman and person in charge 
of the station must be immediately advised, the circumstances must be 
recorded in the train report book, 'and full particulars reported. 

Whenever it is necessary to break the glass of a key box, it must at 
once be replaced by the person in charge of the station, who is provided 
with a supply of glasses for that purpose, and he must keep a record 
of the number of glasses received and how disposed of. 

The signalman mi^st also rertird each case of breaking a glass, and 
the time, in his train report book. 

The keys for unlocking the boxes in the station must be kept in the 
station inspector's room, and in readiness for use whenever required. 



Beats 
on Bell. 



How 
. given. 



How acknow- 
ledged. 



For ordinary passenger train 



For passenger train to or from 
Baker Street and Willesden 
Green 

For Line Clear 



— I Repeat and peg 
* Train on Line * 
I on Disc Instru- 
I ment. 



j I, pause, 

1 2, pause, I. 

Consecu- 
tively. 



Ditto. 

Repeat and peg 
* Line clear.' 



Note.— No signal must be considered complete until acknowledged by 
exact repetition. 



The delaying of trains is of secondary importance to incurring risk. 

ibth September, 1907. 

This is a complicated case, and it is made more diflRcult by much 
confliclion of evidence on material points. 

Both the trains concerned in this collision were duly signalled from 
Finchley Road, and accepted by signalman Hollis at West Hampslead. 
The first (Willesden Green) train was standing at the down plaiforro 
at West Hampstead, when the second (Neasden) train was admitted to 
the station with all proper signals lowered, and the collision resulted. 
A thick fog prevailed, so Ihat although the tail end of the Willesden 
(ireen train was only about 30 yards distant from the signat-box, it was 
in all probability invisible to signalman Hollis. .A fogman (TamesJ was 
in position — about 160 yards in rear of the standing truin—protecting 
the down home signal. ' But, as all are agreed, both the down distant 
and down home signals had been lowered for the Neasden train, and 
Tomes had quite properly therefore removed his detonators, and was 
displaying his green flag, when the train passed. Motorman Smith, 
the driver of the Neasden train, was prepared to stop if the West 
Hampstead home signal was at **danger." Both the semaphore arm 
and the fogman 's green flag authorised him to proceed. He therefore 
allowed the train to run free by releasing the continuous brake. Not 
until within about 20 yards of the standing train was Smith able to 
see it, and a collision was then inevitable. 

Hollis gives the following account of his dealings with these two 
trains : — 

I. His usual practice was to offer a down train to Kilburn, when it 
had arrived at West Hampstead. Contrary to this usual custom, he 
offered the Willesden Green train, had it accepted, and lowered his down 
starting signal very soon after he had accepted the train from Finchley 
Road, and some time therefore before the train arrived at West Hamp- 
stead. He estimates that the approximate lime for this action was 
7-45i a-ni- 




The keys of the bells and discs must be pressed down slowly and 
firmly to ensure proper contact. 

3. All signals must be kept at danger. They must only be pulled off 
when the lines are clear for a train to proceed, and on the passing of a 
train must be replaced at danger immediately, but .... not 
before the train has operated the treadle, as indicated by the disc being 
released and swinging to the neutral position. 

9 (a). Giving Line Clear . . . . H the full view of the train is 
obstructed by fog, or any other cause, the signalman must at once 
inform the stationmaster, or inspector, who must appoint a man to 
inform the signalman when each train has passed clear of the station. 

{d) Note. — Signalmen are warned that the provision of the electric 
locking in no way relieves them of the duty of strictly observing every 
precaution . • • . and especially of personally satisfying them- 
selves that .the line is clear, before allowing another train to approach, 
or leave. 

<3) Extracts from Instructions to Stationmasters, Inspectors and 

ALL CONCERNED RESPECTING THE USB OF KeY BOX FOR THE PURPOSE 
OF RELEASING ELECTRIC LOCKING. 

The stationmaster or station inspector is personally responsible for 
the due carrying out of the following instructions .... and for 
making such arrangements as will ensure these instructions being 
rigidly acted upon by the person in charge in his absence. 

Failure of Electric Locking. — Each signal-box is provided with keys 
for releasing the locking in case of failure ; the keys are locked up in a 
box, and the stationmaster or. inspector on duty is the only person 
authorised to unlock the key box for the purpose of releasing the lock- 
ing. If a failure occurs at any station signal-box it must be imme- 
diately reported to the person in charge of the station, and the train 
must be stopped at the signal for his authority to the driver to proceed. 



2. He then proceeded to enter in his train register book the timings 
of several up and down trains. Whilst so engaged he heard the noise 
of a train approaching, and judged it was the Willesden Green train. 
He therefore entered in the train book the arrival and departure of this 
train as 7.46 and 7.46^, and at the same time, in accordance with his 
general practice, he booked the time of the receipt from Kilburn of the 
clearance signal for the train as 7.48. 

3. Shortly afterwards, turning towards the lever frame, he saw that 
the discs of his down ** Kilburn" and down ''additional** instruments 
were both showing "Line clear." This would indicate that the Willes- 
den train had arrived at Kilburn, if all was correct. He had not then 
cleared back to Finchley Road for this Willesden train, and all his down 
line signals were standing at "Clear." He therefore replaced all his 
down line signals at danger, and cleared back to Finchley Road on the 
bell instrument. 

4. Therefore when the Neasden train was offered him, he accepted 
it, released his down home signal lock in the usual manner, by working 
the tapper of his down additional disc instrument, and lowered the down 
home and distant signals, so that the train shortly afterwards entered 
the station, and the collision took place. 

Since clearly the lock on the down home signal lever was released, 
as the signal was lowered, the question remains— how was the addi- 
tional instrument unlocked? It will be seen in the descriptive part of 
the report that, with any system of "Lock and block" signalling, it is 
necessary to provide a means whereby a release of an instrument, or of 
a lock on a signal lever, may be obtained in cases of failure, mechanical 
breakage, or for cancelling trains. On this system, spring contacts 
which can be worked by hand are provided for the release of the instru- 
ments, and keys for locking the levers. The spring contacts and kevs 
are enclosed in small glass-faced boxes. These boxes are kept locked, 
and the key for opening them is in the charge of the stationmaster or 
station foreman. The instructions relating to the use of these release 
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1>ox«^s are given in Appendix II. (3)- Only a stationnuster, or station 
foreman, is authorised 10 open any of these boxes with the key. \\ here 
^ release h required for the purposes of ordinary working, e.g., for 
cancelling a train, signalmen are authorised to break the glass face of 
the relea<ve box. They arc ordered to report all such breakages, and the 
station foreman or stationmasler is alone authorised to replace the glass 
from a store in his possession. It is necessary to open the case of the 
release box bv means of the key in order to replace the glass. It is not 
an uncommon occurrence for a glass to be broken in accordance with 
the instructions to meet ordinary traffic requirements. From a list fur- 
nished by the Company, there have been 20 cases reported at West 
Hampstead since the commencement of 1907. Of these 20 cases. 5 were 
reported by signalman Mollis. None of the glasses were found broken 
iifter the accident. Nor was this a case where a man would be justified 
by the rules in breaking a glass. It would be his duty, if any failure 
to release took place, to send for the stationmasler or station foreman, 
iind state the necessity for obtaining a release, .Some years ago it was 
possible — vide signalman Shepherd's evidence — to insert a thin piece of 
steel into a release box, and unlock an instrument by depressing the 
spring contact. But the construction of the glass front of the box has 
been altered to prevent this. It is not unknown — a case is cited by 
chief inspector Lyons — for a signalman to possess a key which will open 
these release boxes. The lock of these release boxes is of the lever 
pattern, and the key, which has five tumblers, is not of a complicated 
description. If Hollis owned a key of this pattern, he could have opened 
the box, pressed the spring, and thus made it possible for himself to 
release the lock on the down home signal. There is no evidence of any 
description to show that he had such a key in his possession at the time 
of the accident, and as no one was in the signal-box with him, it 
cannot be direcUy proved that he opened one of the release boxes on 
this occasion. But without breaking a glass, or opening a box with a 
key, it would not have been possible to obtain a release of the down 
home signal lever. 

Regarding the neglect of certain rules, &c., which have a bearing 
on this accident : — 

1. Rule 9 (a) of the Instructions for working the Block System lays 
<lown that a signalman must inform the person in charge of a station 
when the full view of a train is obstructed bv fog, and apply for assis- 
tance. Hollis did not carry out this rule. Ue explains that he did on 
one occasion apply for assistance to a station foreman, who has since 
retired from the service, but that he was told that assistance was not 
necessary. He did not, it appears, make any further application, and 
signalman Matthews, also employed at the West Hampstead signal- 
box, admits he had never applied for assistance in accordance with this 
rule, as he had not thought it was necessary with the safeguards sup- 
plied by "lock and block signalling. 

There is also a special rule. No. 61 (A) (i), applicable on this rail- 
way, which requires the f>erson in charge of a station to appoint a com- 
petent person to advise the signalman in foggy weather when each 
train has passed clear of the station. As worded, it is not necessary for 
a stationmaster to wait for an application from a signalman for assis- 
tance. He is ordered to provide a man in foggy weather. This rule 
never appears to have been carried out at WVst Hampstead. The 
signalmen have evidently therefore acquired the habit of reiving im- 
plicitly upon the safeguards provided by the '*lock and block'* system, 
and of disregarding the Note under q (<f) of the Instructions for working 
the block system. 

2. (ieneral Rule <)6. — Stationmasters are responsible that signalmen 
perform their duties in a proper manner. The supervision of the signal- 
men's work at West Hampstead has not been satisfactory. 

3. (ieneral Rules 55 and 55 (o). — The last mentioned appears to be 
most relevant. It is not applicable on most railways in the United 
Kingdom, when trains are standing at a station platform. On the 
Metropolitan the rule i* applicable at all places. Motorman Spittle 
-staled that he did not know it was applicable within a station, but both 
motorman Smith and guard Sills were aware of its applicability, and it 
IS not easy to understand why Spittle should have thought otherwise. 
.Spittle also admits that he has on other occasions sounded his whisle, 
-when delayed at a station. 

The usual time occupied by a train at West Hampstead platform is 
about half a minute. On this occasion the men estimate that it stood 
for 3 or 4 minutes. But in accordance with the booked timings the 
AVillesden Green train arrived about 7.46 and the collision ocTurred 
about 7.^2. The delay therefore actually amounted to 5 or 6 minutes. 
It is difficult for a guard to decide, when he is momentarily expecting 
the signal to be lowered, what is the proper moment for carrying out 
this rule, as he runs a risk of delaying his train if he proceeds to the 
•signal-box and the signal is lowered in his absence. But safety is of 
more importance than a minute or two of delay, and the Company's 
rules emphasise this. Sills in his evidence states he did start to go to 
the signal-box just before the collision happened. Having regard to the 
iiclual delay to the train, he should have started earlier. 

4. The instructions regarding the use of the release boxes have not 
been properly obeyed. There is no record of glasses received and how 
disposed of. Signalmep have not reported in the train book all failures 
which have occurred. In March last Fitch was appointed ^^tation fore- 
man at West Hampstead. He states that he knew oT only two cases 
when he had been called upon to replace glasses in the release boxies, 
"During this period abput a dozen instances of broken glasses have been 
recorded. It appears therefore either that unauthorised persons must 



have used the key to replace the glasses, or the key must have been 
used in the first instance to obtain the releases, and the glasses were 
not broken as reported. 

5. The windows in the signal-box facing the down line were covered 
with paint at the time of the accident. They had been painted at the 
request of the signalman in order to keep out the glare of the sun. 
It was impossible to see through these windows, and the fact that for 
some lengthy period this condition had prevailed shows, I think, that 
the signalmen had acquired the undesirable habit of not observing the 
trains, but were relying entirely upon their lock and block instruments. 
The paint has since been removed. 

After carefully weighing all the evidence in this case, and taking 
into consideration all the possibilities of failure in the signalling ar- 
rangements, the following conclusions are arrived at : — 

1. That the first (Willesden Green) train was not, on arrival at 
West Hampstead, put into block to Kilburn, and that the starting signal 
was consequently not lowered. The result was that the train was kept 
standing at the platform for five or six minutes before the collision 
happened. 

2. That, in all probability, owing to the thick fog, the train, as it 
stood at the platform, was out of sight of the signalman, but nothing 
was done in accordance with the Company's rules to remind him of the 
position of the train. 

3. That the electrical and mechanical signalling arrangements were 
in working order, and that it was not possible, with proper usage, and 
in accordance with the regulations, to lower the down home and distant 
signals for the second (Neasden) train to enter the station, until the 
first train had left the station. 

Therefore the collision was caused by forgetfulness in the first 
instance, and subsequently by some illegal manipulation of the electrical 
instruments or locking on the part of signalman Hollis. He must bear 
the full responsibility for his conduct. On the morning in question he 
arrived J hour late for duty, after 16 hours' rest, and had been at work 
for about an hour when the collision took place. He has been employed 
by the Company for about 18 years, first as signal-box boy, and after- 
wards (since 1892) as signalman, and there is no serious entry in his 
record sheet during the last three years. 

The collision might, in all probability, have been prevented if motor- 
man Spittle and guard Sills had carried out genei-al rule No. 55 (a), 
which is applicable on the Company's system to trains standing within 
station limits. To some extent responsibility falls upon these men for 
not carrying out this rule. 

Station foreman Fitch failed to act in accordance with Rule 61 (A) 
and appoint a ground fog-signalman, or detail one of the station staff 
to assist Hollis. It is evident he has not properly supervised the manner 
in which the signalmen perform their duties, or observed the Company's 
rules regarding the use of the release key-boxes. 

Signalman Boggis was wrong in accepting a train when he thought 
it had been improperly signalled. But having regard to the time the 
signal was received, i.e., after the collision, as the evidence shows, this 
error was not a contributory cause of the accident. 

It is generally recognised that an automatic system of signalling 
is best adapted for a railway where block sections are very short, and 
traffic of high frequency. The Company's system of "lock and block" 
signalling has done excellent service in the past. This is proved by the 
fact that, from the opening of the railway in 1863 until the date of this 
unfortunate collision, some 3,000 millions of passengers have been 
carried without the loss of one life in a train accident. The maximum 
number of trains dealt with during the winter at W>st Hampstead, in 
one signalman's tour of duty — 8 hours — is 226, an average of 28*25 P®** 
hour. During the summer months the average is sometimes as high as 
36 per hour. Having regard to the number of movements involved in 
passing so large a traffic on the *Mock and block" system, a machine^ 
like regularity of action is necessary, which can best be supplied by an 
automatic method of working. The Company have for some time past 
been experimenting with a system of train-controlled signalling, with a 
view to adopting it on their lines. But every detail must be thoroughly 
proved by long and continuous tests under working conditions before 
the method can be accepted. Some time, therefore, must elapse before 
any complete change in the signalling arrangements can be carried out. 



A/ Farringdon Street Station, Met. R. On the 26th Niyvembtr. 
Major /. W, PringU reports that :— 

The 7.40 a.m. up train ex Hammersmith was run into by the 7.48 
a.m. Circle train from South Kensington. The collision was not 
violent ; no wheels were derailed ; 15 passengers and 5 train men were 
injured. 

The Hammersmith train consisted of six 8-wheeled cars and the 
Circle train of four similar cars (motor car at each end) fitted with the 
quick-acting Westinghouse brake to all wheels. 

Between King's Cross and Farringdon St. stations there is a 
tunnel ^m. long. The remainder of the length is in cutting, but 
ove.- bridges obscure the light. \v\ intermediate block post, Gran- 
ville signal-box, in the tunnel, divides the length into two sections. 
Th? signal-boxes on either side of this block post are known as 
King's Cross *'B" and Farringdon St. *'B." The latter is at the west 
end of the down platform. 
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The up home signal post for Farringdon St. is placed on the south 
(or right hand) side of both the Circle lines, and is not visible to an 
approaching train, even in clear weather, until it emerges from the 
tunnel about 100 yards distant. A repeating (ground) signal, showing 
orange and green lights for '^danger" and **Siifety'* respectively, has 
therefore been provided. This signal is fixed inside the tunnel on ihe 
proper left hand side, and is worked by the same signal lever (No. 4) in 
Farringdon .St. *'B'* signal-box which operates the up home signal. 
Owing to curvature a good view is not obtainable from an approaching 
up train of the lines in the station until about 100 yards from the plal- 
forms. 

The signal levers are controlled by .Spagnolelti's el#niric '*loik and 
b'.ock." 

The mechanical details for manually working the signals are those 
generally in use. The wires cross the main lines under the rails twice 
before they reach the up home signal post, so that there are many 
changes of direction, both lateral and vertical, requiring side or 
pedestal wheels, before the wires can be attached to the rods which 
actuate the balance levers of the semaphore arms. There is a single 
wire leading from the up home signal post to the ground signal in the 
tunnel which acts as a repeater for the two up home signals. This 
signal wire is attached by splices to the two wires which work the 
home signals. These splices, and the side wheel round which the chain 
attached to the wire for the repeating signal runs, are situated in the 
four-foot way of the down Circle road on the level of the ballast. Owing 
to the number of changes of direction in these wires, to the length of 
lead, and to the balance weights of the signals themselves, the pull on 
the levers is heavy. Therefore, in addition to a gain-slroke wheel and 
lever, three weights of 40 lbs. each have been fixed on the back tail of 
the lever to reduce the manual labour required to work the signals. 

This accident calls for particular attention on account of the diffi- 
culty that exists in satisfactorily explaining the cause of Ihe collision. 

The first train arrived at Farringdon St. Station at 8.12 a.m. — 
7 minutes late. It stood at the up platform about li minutes before 
the starting signal was lowered. The train started immediately, but 
had only moved about 17 yards when the collision took place. The 
second train was 2 minutes late at Edgware Rd., and, notwithstanding 
delays at Portland Rd. and Granville signal-box, had made up some 
time. 

As to the position of the signals for Farringdon St., Motorman 
Heard, who drove the second train, is positive that both ihe repeater 
and the up home signal were "off." The fog was thicker after the 
home signal was passed, and he was prevented from seeing anything of 
the Hammersmith train in front of him until within 7 or 8 yards of it. 

Signalman Stokes of Farringdon St. "B** signal-box is equally posi- 
tive that the lever (No. 4), by which the repeater and the up home 
signal are worked, was in the normal "Danger" position when the 
first train passed. Neither of these signals is visible from the signal- 
box, and at the time there was no indicator in the signal-box to show 
Stokes whether the up home signal was obeying the movements of his 
lever. But signalman Curtis (Granville signal-box), on receipt of the 
clearance signal for the Hammersmith train, offered the Circle train and 
had it accepted by Stokes, who released the lock on his up stop signal. 
The electrical interlocking requires the replacement of the up home 
signal lever to danger before the signalman at Farringdon .St. can 
release the lock on the up stop signal at Granville signal-box. It fol- 
lows that Stokes must have put his No. 4 lever back into the normal 
danger position behind the Hammersmith train. Further, the locking 
does not permit of No. 4 lever being pulled over a second time, until 
the first train has passed out of the station, and operated a treadle in 
advance of the up starting signal. The locking therefore should have 
rendered it impossible for Stokes to have pulled over his up home signal 
for the Circle train. There is one eye-witness who corroborates Stokes* 
statement regarding the position of No. 4 signal lever at the time of the 
collision. Inspector Dodd was in Farringdon St. *'B*' signal-box at 
the moment. He declares that the starting signal lever was in the 
•*Off," and all the other up line signal levers in the "On" position. If, 
therefore, the up home and repealing signals were obeying the movement 
of lever No. 4 it is evident that they ought not to have been at 
"Safety" when the Circle train passed them. The electrical k)cking 
arrangements were found to be in proper working order after the 
collision. 

As the collision occurred within a few seconds, possibly half a 
minute, after the up starting signal was lowered for the Hammersmith 
train, it appears to be certain that, when the Circle train passed the 
repeater and up home signal, the up starting signal lever was in the 
danger position. .As no breakage was found in the instruments or 
locks after the collision, the only apparent possible way of obtaining a 
release of the lock on the up home signal was by using the key box. 
Inspector Dodd states that he is satisfied this was not done. 

In support of Heard's contention that the signals were at "Safety," 
it must be remembered that there is a train stop arm, or brake trip, 
fixed at the up home signal. The actual measurements after the col- 
lision showed that the trigger should have struck the hr»ad of the train 
stop, with the signal at danger, at a point about i inch from its edge 
nearest to the rail. There is also an isolating cock on the brake valve. 
Unless this cock is open a movement of the trigger does not apply the 
brake. Hodge, who examined the trigger from the ballast in the six- 
foot way about three minutes after the collision, and apparently before 
anyone else could bave tampered with it, states that the trigger was 
hanging in its vertical position, and the isolating cock was open. It 
is also proved that the Circle train was "tripped" at th^ starting 
signal at St. James' Park Station, where tests are made bv the 



Metropolitan District Railway of the efficacy of the " train ston " 
arrangements. The trigger was then replaced tn its proper position 
by the man appointed for the purpose. If it had not been so replaced 
the continuous brake could not have been released. 

Experiments made by the Co. to discover if there was a liability at 
this signal of the trigger failing lo make contact with this particular 
train stop in the danger position, but on each occasion contact was 
made, and the train was brought to a standstill in from four to five 
coach lengths. 

The evidence points to two conclusions, first, that the lever working 
the up home signal was in its proper "danger" position, and, second, 
that the "train stop" was not in the "danger" position when the Circle 
train passed. It is only possible lo account for this by the supposition 
that the signals hung off instead of going lo danger when the lever was 
put back behind the Hammersmith train. This would happen if the 
wire working the signals became entangled in the side or pedestal 
wheels, or elsewhere, and thus prevented the balance weights of thi* 
signal arm from actmg. 

M Crewe Station, L. ft N.W.R. On tki t4th fanuary, U,-CoL 
H. A. Yorkt repcrts that :— 

The passenger train due to leave Crewe for Chester at 8.0 p.m. was 
run into in rear by the 4.10 p.m. passenger train from Bristol; 9 pas- 
sengers slightly injured. 

The Bristol train consisted of the tender engine "Precursor," eight 
8- wheeled vehicles, and one t»-wheeled van (equol to 13 K fitted ihrougli- 
out with the vacuum brake. The brake was in good order and was 
last tested at Shrewsbury Station. 

Both the engines, all the vehicles of the Chester tr^n. and 6 of the 
vehicles of the Bristol train, were damaged. 

The place where the collision occurred was 59^ yards from the south 
end of No. i platform at Crewe Station. 

This collision was due to want of care on the part of driver Womers- 
ley. .Stations such as Crewe are worked on the "permissive system," 
and in order lo enable it to be carried out a special code of bell signaU 
has been instituted at Crewe between .South Junction Uix and A box. 
and between A box jind North junction box, and "Calling-on arms" 
have been provided where necessary. The entrance into Crewe Station 
from Shrewsbury is controlled by South Junction box. The signals 
applicable to the Shrewsbury line, which are worked from this box, are 
inner home, outer home, and distant, and underneath the outer and In- 
ner home signals ih^re are "calling-on arms." When a platform line 
is clear through the station from the South Junction lo the North Junc- 
tion, the home signals referring to that platfonn are lowered, but when 
there is a train or engine on any of the lines between South and North 
Junction the home signals are not lowered, and the " calling-on arms " 
are brought into use. In this way a driver approaching Crewe receives 
an intimation as to whether the line or platform to which he is sig- 
nalled is clear, or whether he is to expect to find another train in front 
of him. .According to the Rules, a " calling-i)n arm " should not be 
lowered until the train has come to a stop at the home signal to which 
the " calling-on arm " pertains. 

In this instance driver Womersley admits that on approai^iing Crewe 
he found the outer home signal at danger, and that he slopp^ at it, 
waiting for permission to enter the station, .\fter standing there for 
two minutes the " calling-on arm " for No. i platform line was lowered, 
and he drew down towards the station. On passing the signal-box, in 
front of which the inner home signals are erected, he found the " calling- 
on arm " there also lowered, and he received a green hand signal from 
the signalman, which was an additional reminder that he was to pro- 
ceed cautiously, as there was a train in front. Womersley did not see 
the green light himself, but his fireman saw it and told him about it, 
and he admits that he knew quite well what he had to do, and where 
he had to go. The train is said by the signalman to have been moving 
very slowly at the time, and Womersley says he had some difficulty in 
keeping it on the move owing to the rails being slippery. But shortly 
after this, inspector Charles Cook, who was in the sidings on the west 
side of the station, saw the train approaching No, 1 platform and 
thought it was going too fast, the speed then l^ing about in miles an 
hour. Cook was not certain whether the Chester train had left the 
station or not, but for safety's sake he shouted lo driver Womer^lev to 
warn him that he was travelling too fast. Womersley heard the shout, 
and at the same time he saw the end of the Chester train ab«iut 50 
yard'i in front of him. He immediately applied the vacuum brake and 
reversed his engine, but the distance was too short and he struck the 
rear of the Chester train, according to his own story, at a speed of six 
miles an .hour, but the guard of the Chester train puis the speed at a 
much higher figure. 

Womersley e.xcuses himself by saying (1) that he did not sec Ihe tail 
light of the Chester train because it was obscured by steam ; (a) that 
there were no side lights on the Chester train. There is no doubt 
whatever that the train was equipped with tail and side lights, and 
that they were burning properly ; but, as frequently happens, the latlr»r 
were nor attached to the last vehicle of the train, but were on the 
third coach from Ihe rear of it, and were hidden from Womersley's 
view by the rear coaches. But it was not necessary for Womersle\ to 
look for side lights : the tail light should have been his guide. More- 
over, as the platform alongside which the Chester train was standing 
was brightly lighted, there could have boen no difficuhy whatever »n 
seeing the train, had Womersley been keeping a proper look-out. He 
had been on dutv rather less than 8 hours. 
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Mr. T. R. Wynne, C.I.E., has been appointed Chair- 
man of the Indian Railway Board in succession to Sir F 
R. Upcott, who *^as retired, and Mr, S. Finney, 
formerly manager of the North Western State Railway 
system, has been appointed to succeed Mr. Wynne as a 
member of the Board. 

The Duke of Devonshire has been elected chairman of 
the Furness R. in succession to the late Duke, and Mr- 
Richard Frederick Cavendish, of Holker Hall, Cark-in- 
Cartmcl, his brother, has been elected a director of the 
company. 

The Earl of Kerry has been elected a director of the 
Great Central R. 

Lord Armstrong has retired froim the Board of the 
North Eastern R. 

Mr. J. G. Griffiths, Hyde Park Gardens, W., a member 
of the Shareholders* Audit Committee, has been elected a 
director of the Great Western R. in succession to the late 
Mr, Alfred Baldwin. Mr. Griffiths is a director of the Buenos 
Ayres Great Southern R., and several other important com- 
panies, and was formerly an active partner in the well-known 
firm of accountants of Deloitte, Plender, Griffiths and Co. 

Mr. William Rowed, assistant superintendent. Great 
Western R., at Wcstbury, has been appointed superintendent 
of the Exeter division in succession to the late Mr. Samuel 
Morris. 

Mr. A. Cooper, line eng-ineer of the '* Bakerloo," ** Pic- 
cadilly *' and '* Hampstead '* tubes, has been appointed 
eng'incer also of the Met. District R. in succession to Mr. 
C* A, King, whose agreement has expired, and who has 



decided to practise as a consulting engineer on his own ac- 
count, and in that capacity will act for the District R. 

Mr. P. R. Smith has been appointed chief clerk of the 
General Superintendent's Department of the Caledonian R. 
in succession to Mr. W. H. Potts, who has retired under 
the age limit. 

Captdin M. Caillard has been appointed police super- 
intendent of the Great Northern R. in succession to Major 
Handley, who has retired. 

Mr. A. T. Houldcroft, carriage and wagon superinten- 
dent of the Rajputana-Malwa State R., has been appointed 
to a similar position on the North Western State R. 

Mr. William Lang, of the superintendent's office at 
Exeter, I, and South Western R., has been awarded the 
Victoria Cross of the St. John Ambulance Brigade for jump- 
ing on to the line in front of an approaching engine and 
snatching a little boy, who had fallen off the platform, from 
certain death. 

We regret to record that Sir Robert G. Reid, presi- 
dent of the Newfoundland Rs., died on the 3rd ultimo. He 
was a most remarkable man and practically controlled the 
** transportation** in the Colony. He owned a great portion 
of the land, as he received 5,000 acres for every mile of rail- 
way he built. 

Also that Mr. L. G. Mouchel died on the 27th May 
at Cherbourg, where he was born in 1852. By Mr. Mouchel's 
death the engineering profession has sustained a great loss. 
He was educated as an engineer in France, and subsequently 
settled in South Wales as a mining engineer. In 1898 he 
acquired the sole agency for this country of the well- 
known Hennebique system of reinforcing concrete, and 
since that time he designed, in conjunction with various en- 
gineers and surveyors, some 600 fine examples of ferro- 
concrete buildings, bridges and other engineering works, 
some of which have been illustrated in our pages. About 
a year ago Mr. Mouchel took Messrs. J. S. E. 
dc Vesian, M.Inst.C.E., and T. J. Gueritte, M.Soc.C.E., 
France, into partnership, and also arranged that the chief 
members of his staff should participate in the business by 
forming it into a company under tb name of L. G. Mouchel 

and Partners, Ltd. 

- 

Change of Address. 

Mr. T. N. Wylie, Continental traffic manager, L., 
Brighton and S.C.R., has removed his offices from London 
Bridge to New Victoria Station. 

Railway Safety Appliances in America. 
In our issue for last April we stated that of 495 devices or 
systems offered to the Block-Signal and Train-Control Board 
of Experts 245 had been rejected on the ground that whilst 
they were ** safety *' appliances they did not relate to 
signalling. By the Congress that has just been adjourned 
provision was made in the Sundry Civil Bill authorising the 
Board of Experts to investigate and experimentally test any 
appliances intended to promote the safety of railway working. 

Russian Railways. 

The influence of the Russian Ministry of War in deciding 
the fate of projected new railways, even in districts where 
they are greatly needed, has just been exemplified by the 
case of the proposed railway between Riga, the capital of 
Livonia, Baltic Provinces and Kovno, the capital of the 
Russian Government due south of Riga. The Ministry of 
War has vetoed the project ?' from strategic reasons.** 

Railway construction is, however, still much talked of, 
and the iron industry awaits impatiently its execution, as 
orders are not at all plentiful. The Ministries of Ways of 
Communication and of Finance have just submitted to the 
Council of Ministers two projects : one for a railway from 
Odessa to Bakhmatch and the other for a railway from 
Vladikavkas to the Black Sea. 
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As was only to be expected, the employment of women as 
surgeons on the Russian railways has proved to be un- 
desirable. The Minister of Ways of Communication has 
issued orders that henceforth no women surgeons are to be 
appointed either to the railways themselves or to the railway 
hospitals. But women surgeons will probably be appointed 
to attend the families of the railway oHicials and workmen. 

German Railway Servants and the Public. 

With the approach of the tourist season there arises the 
old question of the travelling public and the railwaymen, 
with whom it is brought into immediate contact. We refer 
more especially to the tourist who travels abroad. As is 
always the case, there is a charming variety of opinion as 
to the manners or lack of manners on the part of the foreign 
railway porter. Altogether we must give him, as a class, 
a good word; but, the demeanour of the railway porter in 
l^russia, for example, is sometimes very brusque and lack- 
ing in average courtesy. The General Board of the Wiir- 
tcmberg State railways means to set its house in order in 
good time, and has issued a series of suggestions for the 
porter's conduct in dealing with the public. The railway 
othcial is advised ** to be condescending, courteous and 
friendly towards the general public. All officials, when 
greeted by a traveller, ought to return the greeting cour- 
teously, and such greetings in return are expected to be 
n^ade especially by the clerks at the ticket-oftice windows. 
All questions put by travellers are to be answered with the 
greatest readiness. If, for example, a passeager asks about 
a certain train, the official must not refer him to the time-table 
hanging on the wall if he can answer the question straight- 
away. All information given to the public must be made 
clear and understandable." 

Should any differences of opinion arise between an official 
and the public, then the official must maintain **a quiet, 
courteous and respectable demeanour even when he knows 
well that the traveller is quite wrong. Above all there must 
be no offensive remarks if the public throws doubts upon an 
official's correct reading of a time-table.'* We like the 
special desire for courtesy on the part of the ticket-clerk in 
returning greetings promptly when they are thrown at him 
through the window of his office. 

Motor Railway Inspection Cars. 

Railway officials visiting the Franco-British Exhibition should 
make a point of calling at Stand No. 674 in the 
Machinery Hall, where two of the latest models of Motor 
Railway Inspection Cars, by the Drewry Car Co., 
Ltd., 13, South Finsbury, E.C., arc shown. We 
have inspected these cars and think they are about the best 
things of the kind on the market, especially for use on 
long lengths of line such as exist on Colonial, Indian and 
foreign railways. These cars also have the additional ad- 
vantage of being manufactured in this country. 

One of the cars shown is arranged to seat six, and is 
designed to run at upwards of 50 miles an hour, so that 
cars on this model would be very useful on British railways 
where speed is essential. All Drewry 's cars have a reserve 
which enables them to run equally well in either direction, 
the seats having reversible backs. Other features of the 
cars are 3-point suspension carrying engine and gears, Rey- 
nolds silent chain drive, automatic lubrication, multiple jet 
carburettor, and the engines are very accessible, and can be 
repaired in a locomotive shop. 

# 

Proposed Amalgamation of the Great Central, Great 
Northern, and Great Eastern Railways. 

The official announcement that Parliament is to be asked 
to sanction the amalgamation of the three above-named 
railways ought to be received with unalloyed satisfaction 
in East Anglia, where the Great Eastern has a monopoly, 
\Vhile it is true that in recent years some fast expresses 



have been put on and fine rolling stock has been built, the 
general services on the branch or secondary lines has become 
moribund, and on some of the joint lines is appalling, and 
requires general revision. Fewer, better and more con- 
venient trains with reasonable connections with Gt. Xorthcrn 
trains at such points at Huntingdon are required. 

Railway Superannuation Funds. 

Vet another Committee of Enquiry into Railway Affairs has 
been appointed by the President ol the Board of Trade. This 
one consists of the Rt. Hon. R. K. Causton, M.P. (Chair- 
man), Mr. G. B. Bayley, Mr. D. C. Eraser, Mr. G. .S. Fry, 
Mr. T. Hall Hall, Mr. R. H. Selbie (Secretary, Metropolitan 
R.), and Mr. G. J. Wardle, M.P., with Mr. J. G. Bell, 
of the Board of Trade (Railway Department), as secretary, 
and it is to enquire into the constitution, rules, administration 
and financial position of the superannuation and similar funds 
of railway companies. 

" The Emerald Isle, and How to Get There." 
With the above descriptive title the L. and North Western 
R. Co. have issued a daintily illustrated and well-written 
booklet, and those who contemplate visiting Ireland for 
either business or pleasurie should write to Euston or call at 
any of the N.W. receiving offices for a copy. 

Record Tramway Traffic. 

The London United Tramways carried a million passengers 
on the Saturday, Sunday and Monday of Whitsuntide, Half 
of which were carried on Whit Monday. 



Books, Papers and Pamphlets. 

St$uctural Engineering, By A. W. Brightmore, D.Sc, M.lnsl.C.E. 
Cassell and Co., Ltd., London, New \ork, ioronio, and Mel- 
bourne. 

It has been a pleasure to look through this book, and we 
.wish there were more of the same class, written by men of 
the calibre of Dr. Brightmore, who is well known from his 
other works on engineering subjects, particularly in connec- 
tion with waterworks, and latterly m relation to masonry 
dams. 

There are, perhaps, quite sutlicient specialised text books, 
such as Stoney, Ewing, Merriman, Rankine, Warren, etc., 
that have dealt with the steps essential to the understanding 
ol engineering formulae, although — ^goodness knows — some 
of them would do very well with a little more clearness of 
language and sequence of thought. 

The book under review is one that is needed at this time, 
and is a work which, leaving many of the proofs and the 
steps to accepted text books, at once proceeds to explain how 
these things may be applied to engineering problems. And 
all this mmus the danger of using formulae without under- 
standing, as in the case where pocket book formulas are used 
straight away without knowledge. 

We note that Prof. Unwin has read through the proofs. 
By the way, why cannot that gentleman give us another up- 
to-date edition of his ** Roofs and Bridges '*? 

Theory is, however, not shirked by our author, and full 
mathematical formulae are given in many instances where 
otherwise the reading would be incomplete. Generally the 
book is a masterly exposition of the science of structural en- 
gineering, and is well written and comprehensive, treating as 
it does not only with girders, beams and roofs, but also with 
retaining walls, masonry dams, and reinforced concrete, 

A thorough and concise treatment of bending moments 
and shearing stresses is given, but we note that the question 
of a series of moving loads, such as an engine and tender 
passing over a bridge, is not dealt with, and this renders the 
first chapter incomplete. A full consideration of solid web 
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stresses in a plate girder is given, and the spacing of stif- 
feners in such girders is effectively dealt with. We agree 
with the author that the rules generally given for effecting 
the stiffening of the webs are unsatisfactory, and if we may 
quote : 

*• If the stiffener with the help of the web on cither side 
** of it is strong enough when treated as a strut to take the 
*• shearing force at the section, and the web is thick enough 
*• to transmit this as a tension to the next stiffener, there is 
** no fear of the girder buckling. " 

A full dissertation is made on cantilevers, continuous 
girders, and the Theorem of Three Moments, both for dis- 
tributed loading and also for concentrated loads, the latter 
of which should always be taken in the case of continuous 
girders or beams ot short span railway bridges. We are, 
however, somewhat surprised that so little reference is given 
to the graphic methods of working out continuous girders, 
such as those explained in Prof. Claxton Fidler's book on 
this subject. These means of graphic analysis can often be 
used with great advantage and ease. 

The deflection of girders is the subject of an entire chap- 
ter, and the theoretical difference between the deflection of a 
plate girder and a braced girder is fully considered, but 
something might have been said as to the allowable deflection 
that should occur in both descriptions of girder, having re- 
gard, of course, to the comparative depth and stiffness of 
different cases. A knowledge of correct formula is of little 
service unless we know the precise use that can be made of 
it. 

We note that the new ideas with reference to the elastic 
limit instead of the ultimate stress being used for the safety 
factor are given, and we are reminded of an often forgotten 
fact that, to quote again : ** No advantage is gained by em- 
ploying unnecessary refinement in a calculation when the 
nature of the case involves a certain latitude in the funda- 
mental data.'* 

The matter of column formulae is dealt with much too 
summarily, since we have only the old Gordon-Rankine 
method in any way described. Nothing is said of the straight 
line or Rittcr's methods, or the method given in the Pro- 
ceedings of the American Society of Civil Engineers for the 
early months of the current year. Nothing is said as to the 
eccentric loading of columns or as regards timber strut calcu- 
lations, but these are omissions that may be rectified in a 
succeeding edition of the book. 

Arcs of circles instead of parabolas appear to be drawn 
in several of the diagrams, another point that can be rec- 
tified. 

A description is given of Dr. Stanton's late experiments 
on wind pressure on roofs, including the interesting develop- 
ment relating to wind suction on the lee side. The minimum- 
maximum formula) of Wohler, Spangenberg, Bauschinger 
arc fully dealt with ; also the latest American methods of pro- 
viding for impact, etc. 

One omission in the book is that there is no reference to 
the least work principle, a method of calculation of great 
use in the working out of secondary stresses and redundant 
members This is, of course, given at great length by Du 
Bois in his monumental work, but we would like to read Dr. 
Brightmoro on this particular phase of structural work. 

Arched rib bridges and suspension bridges form the 
subject of two chapters, full illustration being given of the 
method of calculating by means of ** influence lines." Earth 
pressures, retaining walls, and foundations are dealt with in 
two other chapters, in which reference is made to Rankine*s 
neglect of the value of friction at the back of the wall, and 
to the necessity in some cases for the consideration of the 
upward pressure on foundations. 

A full account of the principles involved in the recent 
discussion on masonry dams follows, which should be of 
great use to anyone who has found himself unable to follow 
thj late mathematical wrangling, and the recent reasoning 
from models of indiarubber, plasticine, or jelly, that have 
been so much spoken about. This chapter is exceedingly 



interesting, and should enable the engineer to dig out the 
truth from Trautwine's noted **heap of mathematical rub- 
bish.** Both plans of masonry dams are considered, straight 
and curved, and dams high and low. 

The chapter on reinforced concrete is the last but by no 
means the least interesting chapter in the book, and full 
instructions are included for proportioning both the concrete 
and the steel reinforcement in beams^ columns, floors, roofs, 
and foundations. 

The book throughout is exceedingly well got up in every 
way, the diagrams being excellent, the writing and formula? 
very clear, the type and binding all that can be desired. It 
should have a prominent place in the library of every struc- 
tural engineer. 

Manual of Recommended Practice for Railway Engineering and Main- 
tenance of Way, containing the definitions, specifica ions and prin- 
ciples of practice adopted and recommended by the American Rail- 
way Engineering and Maintenance of Way Association. 1907. 

The constitution of the American Railway Engineering 
and Maintenance of Way Association says, * * The object 
of this Association shall be the advancement of knowledge 
pertaining to the scientific and economical location, construc- 
tion, operation, and maintenance of railroads.** The means 
to be employed for this purpose shall be as follows : — Meet- 
ings for the reading and discussion of papers and for social 
intercourse : the investigation of matters j>ertaining to the 
objects of this association through standing and special com- 
mittees : the publication of papers, reports and discussions : 
the maintenance of a library. It has sixteen standing com- 
mittees, which deal with the following subjects : — Roadway : 
Ballasting : Ties : Rail : Track : Buildings ; W^ooden Bridges 
and Trestles : Masonry : Signs, fences, crossings and cattle- 
guards : Signalling and interlocking : Records, reports and 
accounts : Uniform rules, organisation, titles, code, etc. : 
Water service : Yards and terminals : Iron and steel struc- 
tures : Economics of railway location. Then there are at 
present special committees on classification of track and on 
a uniform general contract form. 

These committees have from time to time recommended 
a standard practice for the department they deal with, and in 
the volume now before us these recommended practices are 
all recorded, together with definitions, specifications and 
sketches, diagrams and plans. This record cannot fail but to 
be of great value to all in America that are associated with 
the construction and maintenance of railways and allied 
engineering departments, and we do not doubt that officers 
in other parts of the world would find the book instructive 
and interesting. 

The Strength of Chain Links, By G. A. Goodenough and L. E. 
Moore. Bulletin No. 18 of the Engineering Experiment Station of 
the University of Illinois. 

This pamphlet is a record of a series of experiments on 
chain links and circular rings made, during a period of two 
years, for the purpose of confirming or disproving a 
theoretical analysis of the stresses in links and rings. A 
comparison of calculated and measured distortions affords the 
desired test. The result of the experiments is a complete 
confirmation of the analysis. Having a reliable theory, the 
bending moments and maximum stresses are calculated for 
links of various forms, and the results of such calculations 
are applied to the formulas for the loading of chains given 
by Unwin, Bach and Weisbach. It is shown that the usual 
formulas for chain loads give maximum tensile stresses of 
33,000 to 40,000 lb. per sq. in., and maximum compressive 
stresses of 60,000 lb. per sq. in. New formulas for safe 
loads are proposed. The bulletin is concluded with four 
appendices giving in full the theoretical discussion, which 
is the basis of the experimental work. 

This bulletin will be of special interest to all engineers and 
manufacturers who are concerned in any way with hoisting 
and transmission. Copies may be obtained upon application 
to the Director, Engineering Experiment Station, Urbana, 
Illinois. 
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Westinghouse System of Heating Railway Carriages. 



The Westing^house Brake Co., Ltd., hold the patent rights, 
and are now introducing* to railways in this country the 
system of Heating Railway Carriages that has been in use 
for some time on various Continental railways, and of which 
some 4,000 sets are in use or on order. It is an automatic 
system, of which the details are simple, and which has, we 
understand, given every satisfaction in operation. Its dis- 
tinctive features are that : — 

The steam in the apparatus is at atmospheric pressure 
only; there is therefore no risk of bursting, and the joints do 
not require to be made with any particular care. 

The steam is mixed with air and the circulation is auto- 
matically continuous, and the desired temperature of the 
radiators is also automatically maintained constant, so that 



pipe E, which is open to the atmosphere at M, and enters, 
mixed with air and with increased velocity, the delivery pipe 
at D. This pipe is lin. diam., and from it Jin. branches 
lead, through compartment valves, CV, fig. i, to the 
ladiators, R, in the compartments. 

The radiators fall in the usual manner towards the return 
exit for the steam, air and water, and which 
is at the lowest point. The return branches, Jin. diam., 
falls to the injector fitting, which it enters at F. The return 
air and steam rise through G to the chamber H, whence they 
are drawn by the injector C and returned to the delivery pipe. 
The water of condensation drains through L to the outlet 
at M. 

As the .steam and air mixture passes through the chamber 




the carriages near the engine do not get hotter than those 
in the rear of the train. 

As the steam is completely condensed in the heating cir- 
cuit only a minimum quantity is used. The apparatus effect- 
ually drains itself, and thereby all risk of freezing is obviated. 

The system will work with any other system using a 
main steam train pipe, as any standard coupling can be 
adopted. 

Fig. I shows the arrangement of the system on an eight- 
compartment coach. The main pipe is 1^ to 2 in. diam., 
and falls from either end to a separator and steam trap 
ST, and near which there is a Tee-piece TP, from which, 
at the top, in order that the steam may be as dry and 
clean as possible, a Jin. branch, provided with a strainer, is 
taken off and led through an isolating cock, IC, which is 
worked by rods from either side of the coach, to the injector I 
on fig. I, and shown in section by fig. 2, which is the prin- 
cipal fitting of the system and which the branch pipe enters 
at A. 

The steam, when it arrives at the entrance to the in- 
jector fitting, has a pressure of about 40 lbs. per sq. inch. 
It passes through the passage B past the valve V, which is 
then fully open, to the injector C and draws air through the 



H it impinges on the thermostatic tube K, which expands or 
tends to straighten under the increased temperature. But 
as one end of K is rigidly fixed to the case by the bolt 
J the other end of the tube presses against screw S in the 
end of the valve V, which closes. By means of the screw 
.S the valve may be adjusted to close at any desired tem- 
perature up to 212^ F. In practice the valve V seldom quite 
closes, but when the circuit is wartn remains sufficiently 
open to allow just the quantity of steam to pa.ss to maintain 
the predetermined tempeiaturc. Should, however, the valve 
close completely the steam remaining in the circuit con- 
denses and cold air enters at M, fills the chamber H, cools 
and contracts the thermostatic lube, and opens the value V 
and re-admits steam. 

The steam trap and separator, fig. 3, is inserted in the 
main pipe. So long as the pipe is cold the steam trap, the 
valve in which is controlled by a thermostatic tube as above 
described, is open to the attnosphere, and any water can 
drain away. When steam is admitted the valve closes until 
water collects and the tube cools and re-opens the valve. The 
steam trap on the delivery pipe operates in the same way 
to clear that pipe of water of condensation. 

The compartment valves CV, fig. i, are worked by the 
passengers. The usual handle is provided above the back- 
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squab, as at PH. The motion of the passengers* handle is 
communicated to the compartment valve by means of a wire 
cord and grooved guiding pulleys. The cord, which is about 
^% dianj., is provided with a right and left-hand straining 
screw. It is prevented from slipping by being passed 
through two holes drilled with one of the flanges of the 
pulley on the spindle of the compartment valve, which is of 



't>npn 




Fi 



the lifting type, and is operated by a cam on the above- 
mentioned spindle. 

The compartment valve case also includes a regulating 
valve which prevents the steam ** short circuiting '* through 
the first two or three radiators in the heating circuit. These 
valves are adjusted when the carriage is fitted up so that 
all the radiators rise to the siime temperature, and the valves 



are then fixed, and they do not require to be altered again 
unless their position on the carriage be changed. 

In conclusion, we may say that the Westinghouse Brake 
Co., Ltd., London, have issued a well-illustrated pamphlet 
which contains further information as to the fitting up of the 
system and a more detailed description of some of the fittings. 

Notes on Locomotives. 

A NOTICEABLE feature in many designs of recent locomo- 
tives is the evident desire to improve by every and any 
means the efficiency of the machine as a whole, this object 
is being sought after in various ways, by improving the 
quality and properties of the steam by superheating, which 
is now receiving serious attention on several British rail- 
ways, including the Brighton, the Lancashire and York- 
shire and the Gt. Western; secondly, the heating of the 
feed water is again attracting attention both in this and 
other countries, while the advantages of multicylinders 
seems to have firmly established themselves, also compound- 
ing in many quarters is gaining ground. 

The latest type of engine on the L., Brighton and S.C.R. is 
of more than ordinary interest, because, apart from the fact 
that these engines are very heavy, and although fitted with 
tanks are intended for express traflfic, they combine in them- 
selves two of the sources of improved efficiency above men- 
tioned, namely, Superheatinfr and Feed-water Heatirifr. 
The former is of the smoke-tube pattern now almost uni- 
versal; the latter is carried out on the principle of utilising 
the heating of the exhaust steam; in this case branch pipes 
are fitted at the base of the blast pipe which conduct some of the 
exhaust steam to the tanks, where it is condensed. The 
hot water is taken from the tanks by special float pipes and 
fed to the boiler by pumps worked ofi" the crossheads. 

The principal dimensions of these engines are : Cylinders, 
iqins. X 26ins. ; piston valves, coupled wheels, 6ft. Qins. 
diameter; boiler heating surface, 1,62:; sq. ft.; area of grate 
24 sq. ft.; workine pressure, 180 lbs.; weight in working 
order, 73 tons; tank capacity, 2,110 gallons. 

Another instance of Feed-water Heatinfr is to be found 
in Gt. Britain, on the L. and South-Wcstern R., where the 
Question is being seriouslv tackled by Mr. Drummond. As 
in the previously described engines the exhaust steam is used 
for heating, only with this ^reat difference, that it does not 
come into direct contact with the feed-water. The method 
adopted is as follows : The usual well of the tender tank is 
closed and fitted with a tube-plate at each end and a number 
of longitudinal tubes through which the steam flows; the 
exhaust steam flows from front to rear giving up its heat; 
the feed-water enter the trough at the back end and is 
sucked forward by the feed pumps. The pumps are on the 
engines and are of the duplex steam tvoe. 

An absolutely distinct method of Feed-water Heating 
from the two above described has been broueht out by Mr. 
Trevithick, of the Egyptian State R. In this arrangement 
the water from the tender is pumped into the boiler by a 
duolex steam pump, the exhaust from which is utilised as 
a first stage, thence the water is circulated through two 
cylindrical tubular heaters heated by exhaust steam from 
the cylinders, after which the water passes into the final 
and principal heater, in which the spent gases from the tubes 
are utilised for heating. The heater consists of an annular 
drum placed in an extension of the smoke-box; the gases 
are constrained by lining plates to pass through the middle 
space of the ring and thence through the tubes of the 
heater to the outer case of the smoke-box and so to the 
chimney — a very considerable degree of reheat being ob- 
tained. 

In America also, on the Central RR. of Georgia, feed- 
heating is being tried with success, the design in use re- 
sembles that of Mr. Trevithick in principle, excepting that 
the drums heated with exhaust steam from the cylinders are 
not used, also that the final or smoke-box heater consists 
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of two batteries of tubes, one arranged on each side of the 
smoke-box in a manner similar to the Baldwin steam heater 
described in our issue of April, 1907. 

As regards New Types of Enfrines — considering Gt. 
Britain — the most important design brought out have been 
tank engines; of these we have already mentioned the L., Brigh- 
ton and S.C.R. engines. An entirely new type has been 
put to work on the North-Eastern R., having six coupled 
wheels, a four-wheeled bogie and inside cylinders. These 
engines have been built to work the passenger traffic over 
the difficult coast line of Yorkshire through Whitby. The 
cylinders are fitted with piston valves and drive the leading 
coupled wheels; the boiler has a round-topped firebox; the 
water is carried in side tanks. The principal dimensions 
are : Cylinders, i8ins. x 26ins. ; diameter of coupled 
wheels, 5ft. ijins. ; bogie wheels, 3ft. ijins.; rigid wheel- 
base, 12ft. 6ins. ; total wheel-base, 26ft. 3ins. The boiler 
has a total heating surface of 1,312 sq. ft., the fire-box 
heating surface is 130 sq. ft., the grate 23 sq. ft., the total 
weight in working order is 69 tons, adhesion weight 52 
tons, tank capacity 1,500 gallons. • 

The Lancashire and Yorkshire Railway has just put 
into service a series of 0-8-2 tank engines, which in point 
of power and weight rank second only to the 3 cylindered 
engines of the Gt. Central R., the cylinders are inside the 
frames and are 2iiins. x 26ins., the coupled wheels are 
4ft. 6ins. diameter, the side tanks have a cap>acity of 2,000 
gallons and in working order the total weight is 84 tons. 

The 4-6-2 type of engine, which is represented in this 
country by the ** Great Bear** on the Gt. Western R., 
is also at work on the Paris-Orleans R., where some very 
fine four cylindered compounds are doing excellent service. 
Their principal dimensions are: cylinders, i5fin. x 25iin.; 



l.p. cylinders, 2sJin x 25 Jin.; diameter of coupled wheels, 
5ft. loin.; rigid wheelbase, 12ft. Qins.; total wheelbasc, 
34ft. 5in. The boiler is of exceptional proportions, having 
a total heating surface of 2,769 sq. feet, and a grate area 
of 45-9 sq. feet. TTiis large grate is obtained by extending 
the rear portion of the firebox laterally to a width of 6ft. 
lofins., the grate is, practically speaking, divided into three 
lengths, the front being normal width, the back as above, 
the middle section inclined to join front and rear. The 
working pressure is 227lbs. In working order the weight 
is 89 tons 10 cwts., the adhesion weight is 52 tons. 

The annexed table gives the comparative dimensions of 
the two 4-6-2 types : — 

GreaJ IVtsUrn Railway, Paris- Colean Rai/^way. 
4 H.P. 15 in. X 36 in. ... 1 1 " »*• ^5? }n, x isi in. 



Cylinders 

Coupled Wheels ... 
Boiler Healing Sur* 

face 

Boiler Grate Area ... 
Boiler Pressure 
Weight Full, total . 



6f(.8iin. 



5 ft. 10 in. 



3.400 sq. ft 2,769 sq. ft. 

417 sq. ft 45'9sq- ft- 

225 lbs. ... 227 Ibi. 

96 tons 89 tons 10 cwt. 

,, adhesion 60 tons 52 tons. 

The first batch of the heavy goods engines built by 
outside makers for the North Eastern R. has been delivered 
by the North British Locomotive Co., a total of 50 engines 
has been ordered, the various makers being the above 
named firm, 20 engines; Beyer, Peacock and Co., 20 
engines; R. Stephenson and Co., 10 engines. These engines 
are of the plain six wheels coupled type, but are of very 
heavy proportions, the cylinders are iSJins. by 2()ins., the 
coupled wheels 4ft. 7iins., the weight in working order is 
82 tons. We intend to refer to these engines again in our 
next issue. 



Signalling at West Kensington; Metropolitan District Railway. 
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The new signal box at West Kensington East Junction 
(opened on the 31st May last) completed the re-signalling 
of the District R. in connection with the conversion of their 
line from steam to electric traction. 

The annexed diagram of the lines and signals shows 
that there are two boxes at West Kensington. The West 
Box controls Baron's Court Station and the west end of 
West Kensington, the G.N. Brompton and Piccadilly Tube, 
the sidings to and from the G.N.B. and P.R. and the Mid- 
land R: coal-yard. The East Junction box controls the east 
end of the West Kensington station, the branches to and 
from Lillie Bridge Yard and the junction with the lines to 
and from Addison Road. . . 

The East Junction Box is situated in Lillie Bridge Yard 
and so is some distance from its work, but no disadvantages 
are experienced therein owing to the use of *• Track-Cir- 
cuits." These are employed throughout and extend up to 
the boundary at the Earl's Court Junction of the West Lon- 
don Extension R. Owing to the single line between West 
Kensington and Lillie Bridge Yard having been equipped 
with ** Track-Circuits '' the safety of trains is secured with- 
out the presence of the pilotman, who has been withdrawn. 

Each Box contains 30 working and 9 spare levers. The 
West Box does the work of 50 mechanical levers and the 




East Box of 47. They replace three 
mechanical boxes. 

There is a considerable number of ir- 
regular movements here, such as over the 
facing road. These are provided for in 
the working regulations and this fact ac- 
counts for the large number of slotted 
signals, all of which are controlled by 
** Track-Circuits '* and so ** hold the 
road." 

The new arrangements permit for a minute headway for 
trains over each road, and the existing service often pro- 
vides for four trains in as many minutes. 

The whole scheme is a very ** tricky '' one and has been 
carried out under very trying conditions. The materials were 
supplied by the Westinghouse Brake Co. — now associated, 
for signalling, with the McKenzie, Holland and Westing- 
house Power Signal Co. — and the work was carried out by 
the District R. Co.'s own staff under the supervision of Mr. 
Chas. .\. King, the late engineer, and Mr. B. H. Peter, the 
signal engineer. 
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Hadf1eld'8 Stone Breakers. 

In connection with some articles on Modern Permanent 
Way we shall shortly publish, the following illus- 
trated descriptions of the machines and plant made by Had- 
field*s Steel Foundry Co., Ltd., Sheffield, for breaking stone 
for ballast will be useful. Hadfield*s make two types of 
machines, viz., the Toggle Joint Nipper and the Gyratory. 



Fig. I. —Fixed Breaker. 

Fig. I is a sectional perspective view of Hadfield*s patent 
toggle joint stone-breaker. A is an eccentric shaft driven 
by belt pulley attached to the fly-wheel 17, which raises 
and lowers the cast steel ** pitman *' 9, at the 
foot of which are the toggles 14, resting in the 
cushions 8,8,8,8. The stone to be broken is placed 
in the hopper on the left. On each narrow side is 
a check plate 4 and on the left is the fixed jaw face 13,13^ 
and on the right are the lower swing jaw face 12 and upper 
swing jaw face 12 A. These jaw faces and the cheek plates 
are made of ** Era ** manganese steel. The jaw faces are 
of a patented design, and whilst being of ample strength they 
are much thinner than is permissible with chilled cast iron. 
The size to which the stone is to be broken is determined by 
simply raising or lowering the adjusting wedge 15 (by means 
of the bolts C,C), which varies the position of the toggle 
block 16. The swing jaw face hinges on the shaft at the top 
of the machine, and as the eccentric shaft A is turned the 
*' pitman '* 9 is raised and lowered and the toggle 
straightened. The stone is broken between the fixed and 
swing jaw faces and passes to the screens. 

Fig. 2 is a sectional perspective view of the Heclon gyratory 
stone-brcakcr. The fixed portion consists of the bottom 
shell A, on which rests top shell N, surmounted by the hopper 
M. The concaves O, made of ** Era '* manganese steel, 
form the lining of the top shell N, The centre spindle / 
supports on a ball P the hollow coned shaft T so that it is 
free to move. The cast steel centre R is fixed to the shaft T, 
and carries the mantle S, At the bottom of the shaft, and 
inside it, is an eccentric Gi cast on the bevel wheel G, 
driven by the pinion H on the counter shaft j driven 
through the pulley /. 



Stone being placed in the hopper is gradually broken. 
The motion is least at the top and consequently there is 
less shattering of the stone and the dust is minimised. The 
method of adjustment is very simple and is accomplished by 
raising or lowering the spindle by means of the worm F and 
worm-wheel E. A safety device is provided to guard against 
a hammer, drill or crowbar, that may have accidentally fallen 
into the hopper, damaging the apparatus. 

The wearing parts are all made of **Era'* man- 
ganese steel, and a striking feature of the design 
is the hollow steel driving shaft which gives great 
strength, and also enables the eccentric to be 
entirely shielded from dust. 

By the courtesy of the Hadfield Co. we are also 
able to give details of a large stone-breaking plant 
which they have recently supplied to a foreign rail- 
way, not the least interesting feature of which is 
the fact that the whole of the machinery is electri- 
cally driven. 

Fig. 3 is a sectional end elevation. The 
stone is brought from the quarries by means of a 
light railway in small double-side tipping wagons, 
and tipped into the mouth of the breakers on the 
right of the illustration. The size of the breakers, 
which are of the fixed type, is 3oin. x i8in. They 
are driven by a 11 in. wide belt from a 90 B.H.P. 
electric motor making 480 to 500 revolutions per 
minute, while the breaker makes from 244 to 250 
revolutions. As the stone is crushed, and 
before screening, it falls through a shutc 
direct on to an elevator of the continuous bucket type. The 



Fig. 2.— Heclon Gyratoiy Stone Breaker. 

elevator is i8in. wide, has chains of **Era" manganese steel, 
and works over sprocket wheels of the same material, and 
which are 68ft. apart. It travels about 120ft. per 
minute. The elevator is driven by a gin. wide belt from 
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C3CC TION t U. 

Fig. 4.— Seclional Plan on C D. 



a 25 B.H.P, electro motor which has a speed of from 480 on to a tipping^ belt conveyor i6in. wide and 246ft. long, 
to 500 revolutions per minute. The pulley at the head of It is driven by a 25 B.H.P. motor with a pulley speed of from 
the elevator is 2ft. 7}in. diam. and travels at a speed of 480 to 500 revolutions per minute. This is fixed on the right 
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Fig. 5.— SccUonal Side Elevation on E F. 

side of the plant — see fig". 7 — and the conveyor has a capacity 
of 50 tons per hour of Jin. material, which Is deposited in 
three large bins. 

The 2iin. stone falls out of the screen through a shute 






«0 



on to a patent tipping-tray conveyor 360ft. long and capable 
of taking 180 tons per hour. It is driven by a 25 
B.H.P. motor, fixed at the other end — the left — 
of the plant, and having a pulley speed of from 480 to 500 
revolutions per minute. The material is deposited in 7 bins. 
The tipping carriage on the conveyor is provided with 
chute*> on either side so as to more evenly spread the distribu- 
tion and it can be moved from bin to bin. 

The material is released from the bins direct into wagons 
on the railway through bin gates 36in. x 36in. 

Fig. 3 also gives details of the timber structure 
holding the plant. Fig. 4 is a sectional plan 
showing, on the top of the drawing, the stone- 
breakers and, at the bottom, the screens and the con- 
veyors to the dust bins on the right and to the storage bins 
for 2jin. stone on the left. The elevators are in the middle. 
The plant comprises eight complete breaking sets served by 
two common conveyors, one for Jin. material and one fee 
2|in. stone as described above. 

^^g"- 5 is a sectional side elevation, and fig. 6 gives on 
the left a sectional elevation of the stone storage bins and 
conveyor and, on the right, of the dust storage bins and 
conveyor. Fig. 7 is a general plan of the installation. 

The total output of the plant is at the rate of 4,500 tons 
of ballast per day. 



The Collapse of the Quebec Bridge. 

VVe do not propose to give an exhaustive account of this 
remarkable disaster, which probably is unparalleled in the 
history of engineering, as the whole matter has already re- 
ceived full attention in the technical press, especially in the 
American journals. 

The bridge was a huge cantilever erection over the St. 
Lawience river of 1,800 ft. central span (see fig. i), and 
whilst building, one half (the Southern portion) of the struc- 
ture collapsed on August 29th, 1907, the less of life being 70 
out of 86 men who were working on the bridge at the time, 
many of those not killed being more or less seriously injured. 
About 40,0000 tons of steelwork, it is said, were precipitated 
into the river, and an expenditure of about ;^50o,ooo was 
rendered useless. 

An elaborate and exhaustive report, consisting of over 
1,000 pages, and including no less than 19 appendices, has 
been issued by the Royal Commission of the Canadian House 
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Fig. 6.— Storage Bins ; 

of Commons. These appendices deal with every conceivable 
aspect of the question, even going so far as to enquire into 
the life history of most of the principal men who were in any 
way implicated in the work. Tables and data are given on 
every conceivable matter, even as regards the weather and 
wind conditions for several weeks preceding the collapse, 
though what this has to do with the question is not apparent 
at first enquiry. 

The report states that failure took place in the compres- 
sion member X, fig. i, which was found, after the collapse 
of the bridge, to be doubled up, presumably from end pres- 
sure, into the shape of the letter S. 

The segment of the chord referred to was 57 ft. long, and 
was composed of four vertical flitches or series of plates 
placed side by side with spaces between, ?[g, 2, each of these 
flitches being made of several plates riveted together to the 
composite thickness of 3J ins. The width of these plates, 
which of course becomes the depth of the chord, was 4J ft., 
and the respective flitches were spaced in such a way as to 
make up a boom 5J ft. in horizontal width, the different 
flitches being connected together in what has proved to be a 
very inefficient manner by angle iron diagonal bracings on 
the upper and lower surfaces of the boom. They were at- 
tached to the vertical flitches by some small amount of 
riveting, and the chord when completed forms one link in a 
chain of such chords, connected together by means of the 
ordinary American pin joints. 

It is obvious that the lateral stiffness of such a composite 
flitch is much less, even when the plates arc riveted together, 
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than that of a solid plate of the aggregate thickness, and it 
is also plain that there is nothing to aid in the stiffness of the 
flitch against buckling, other than the light angle in bracing 
referred to, except some very doubtful gussets placed be- 
tween the different flitches. Further, with the use of the pin 
joints the ends of the chord segment were not encastrd or 
fixed in any way, and it may also be noted that in conse- 
quence of the general design the end pressures were always 
applied in an oblique direction. 

After the finding of the Commission it is, of course, im- 
possible to say that the cause of the collapse was anything 
else than the failure of the bottom chord member of the shore 
cantilever arm at X. 

But with the finding of the Report on other details per- 
haps some exception may be taken. 

It is very plain that the disaster was not due to accident 
or to anything abnormal in the weather conditions, and in 
this respect the case is analogous to the remarkable failure 
of the Charing Cross Station roof. 

The report is that the failure was due to an error of judg- 
ment, or in other words, to defective design ; a finding that 
is, of course, perfectly obvious. But when the report goes 
on to say that the error of judgment was not due to lack of 
common professional knowlege, neglect of duty, or to a de- 
sire to economise, it seems reasonable to enquire a little 
further into the significance of the error of judgment referred 
to. 

Th3 consulting engineer engaged on the work was the 
famous Mr. Theodore Cooper, and the engineer who actually 
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made and carried out the design was Mr. Szlapka, of the 
PhoeniK Bridge Co. The ultimate responsibility, of course, 
rests with the former, at least in theory, although practically 
the latter has received the major part of the censure, at least 
for the time. 

It seems to be assumed that if Mr. Theodore Cooper had 
been a younger man, and had received more sufficient remu- 
neration, and had more time at his disposal, that the com- 
pression member which failed would have been properly de- 



under such circumstances have done better? 

The Commission deplore the lack of full size compressive 
tests, and they themselves had to have a model made to J 
full size to prove the correctness of their own empirical 
reasoning. 

Should Mr. Szlapka have had a model made in a similar 
way ? Could he have done this for every member of the struc- 
ture before he had issued the working drawings? 

There is no doubt but that the designing engineer made 
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signed and able to do its appointed work ; whilst at the same 
time it is also assumed that the actual designing engineer, 
Mr. Sylapka, found the matter of designing the strut in 
question beyond his ability. 

We cannot, however, find that Mr. Cooper in his evi- 
dence gives any indication of the point where the calculation 
made by Mr. Sylapka for the unfortunate member was at 
fault; and in fact, when reading through the long Appendix 
16, which gives an account of all the lattice column formula 
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Fig. 2. 

known at the time the design was made, we fail to find any 

sufficient formula which this engineer could have used to 

better effect. We quote as follows : 

* ' The experience of the Commission is practically the 
same as that of Mr. Szlapka, for, except the rule in 
' Modern Framed Structures,* all the information we have 
been able to find has appeared in the periodical press since 
the collapse of the Quebec Bridge.** 
Why, then, accuse Mr. Szlapka of want of ability? and 

why assume that Mr. Cooper or any other engineer could 



use of all available formula in designing the member, and that 
he could no more lay his hand upon information relating to 
full size column experiments than the commissioners them- 
selves could. 

Then where is the heinousncss of his sin, what is the pre- 
cise burden that the scapegoat is to carry away with him to 
the wilderness, other than the general **anathema ** of a 
Ccmmission who might easily have individually or collec- 
tively fallen into the same error themselves? 

The fact is that theory and formula cannot do everything 
in bridge construction, any more than it can do everything 
required and carry us successfully through the world in 
which we live ; and it is doubtful whether a little less theory 
and a little more commonscnse would not have pulled our 
unfortunate designer through, without this trouble. 

Our own designers of the Forth Bridge surely had no 
full size tests of the huge circular compression members of 
that structure ; and it is not probable that that shape of cross 
section was evolved from any such formula or tests. 

The mouse that gnawed the knot and allowed the lion to 
get loose in this case was, as in the fable, a very little thing, 
and was m.erely the lattice arrangement on the top and bot- 
tom of the vertical plates of the failed compression member. 
We regret the thought, but cannot help thinking that a mere 
inspection of the working drawing of the strut would have 
enabled any ordinary experienced draughtsman to see where 
the weakness lay, particularly if he had realised what an 
enormous compressive load the strut would have to carry. 

Then, together with the very insufficient stiffening on the 
top and bottom of the member, we have the unsuitability of 
the design of the cross section of the strut itself to consider, 
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a cross section consisting only of thin plates perhaps correctly 
designed for tension, but most unsatisfactory for compression 
stresses. 

Here again it is not quite clear why Mr. Szlapka is alto- 
gether to blame. Surely, the form of the cross section would 
have to be approved by the consulting engineer, even if the 
latter gentleman had not the opportunity to calculate its 
exact strength. Of course, in English bridges we have the 
cellular construction for compression booms as at the 
Britannia and many other bridges, but in these cases there are 
complete and perfect boxes, and the arrangement of boxes is 
one that it would be very difficult to destroy by crippling. 
There are both vertical and horizontal plates connected to- 
gether by angle irons at the points of intersection, and 
although this may not be so economical of metal for com- 
pressive purposes as is the circular shape, yet the method is 
one that claims our admiration, for our engineers of more than 
half a century ago, who were of course working in a totally 
new and untried material. 

In the Quebec Bridge however we have not this complete 
box or series of boxes, we have the whole resisting strength 
against crippling depending .upon a few angle iron bars and 
a few rivets, an arrangement which surely might have been 
expected to fail disastrously. 

As regards the stresses per square inch allowed in the 
unfortunate member, the impression given is that no such 
unit stresses would for a moment have been allowed in any 
English structure that were arranged for in this case, even 
were the design of the strut one that would allow of a great 
stress. 

We are informed that the metal was intended to be 
stressed possibly from 24,000 lbs. (1071 tons) to 26,000 lbs. 
(ii'6o tons) per square inch, and that the failed member at 
the time of the collapse was actually stressed to 18,000 lbs. 
(803 tons) per square inch. 

This points to a minimum of weight of metal being 
thought desirable on account of financial reasons, but on this 
head the evidence is somewhat contradictory. The report of 
the Commission states definitely and categorically that they 
do not believe that any cheap, light or insufficient work was 
done purposely either by Mr. Cooper or the Phoenix Bridge 
Company, but one of the American technical journals states 
that it was a matter of common knowledge that the Quebec 
Bridge and Railway Company was not strongly financed and 
that solely in consequence of this lack of funds the project 
was delayed for some years. The same journal suggests that 
there must have been a tendency in these circumstances to 
put up a bridge of conspicuous lightness. 

There is one point however that calls for remark, and that 
is the alarming error made with regard to the dead load. 
This wc understand was taken at too low a figure in the 
preliminary computation, and notwithstanding this the span 
was increased from i,6ooft. to i,8ooft. without any revision 
of the loads. 

The Commission state that they cannot find any 
lack of professional care, skill, or knowledge, in any 
of the parties responsible for the design and construction 
of the bridge, and yet the necessity of revising the weights 
taken in the first computation, even when the span was 
increased, was apparently overlooked by the engineers of 
both the Phoenix Bridge Co. and also of the Quebec Bridge 



and Railway Co. We arc informed that the actual dead load 
of the structure when completed would have been no less 
than 29 per cent, greater than that assumed in the first 
case, and that the bridge would certainly have been over- 
stressed at completion. The whole thing is inexplicable in 
view of the statement that every man responsible engaged in 
the work quite realised the immensity of the undertaking", 
that it was to make a record of long span bridge building^, 
and that the pre-eminence of American bridge engineers was 
at stake. 

It is also claimed that there was loose and inexperienced 
supervision of the work on the site, and that a more respon- 
sible resident engineer to take charge of the erection should 
have been engaged. That this was the case appears to be 
confirmed by the fact that although the buckling of the 
failed strut was noticed, yet there was no one on the 
ground in a sufficiently responsible position to stop the 
operations and call the workmen away from the bridge, 
without first asking the consent of the consulting engineer, 
who, at the time, was a great distance away, in fact, in 
New York. 

It is all very well to declaim about defective supervision, 
and to say that the loss of life might have been prevented by 
an exercise of better judgment, but this is loose talk unless 
the responsible man on the ground felt himself competent to 
take such an initiative. Any resident engineer on an 
English railway would not have hesitated for a moment in 
such a contingency. 

We are told that the extreme lightness and apparent 
weakness of the angle bar latticing of the lower chord 
members was seen by the President and other officials of the 
Phoenix Bridge Co., the very point that caused the collapse, 
whilst the work was being put together in their shops, and 
that in fact it was found impossible to handle these sigments 
without bending or damaging the light lattice bars. 

This so troubled these officials that they called the 
attention of the consulting engineer at once to the members 
and requested him to look further into the question, and at 
least to go to the works and examine them himself. This 
inspection, however, never occurred, the consulting engineer 
did not even go to look at them, and states in his evidence 
that he had so much confidence in the work of Mr. Szlapka 
that he had no doubt at all of the efficiency of the design, 
and accordingly accepted them as sufficient. 

Not only this, but when the chord segment was observed 
to be buckling when erected in the bridge, and a repre- 
sentative was sent purposely to New York in order that Mr. 
Cooper might be personally consulted on the matter, it was 
with some difficulty that the consulting engineer was induced 
to send the famous telegram to call the men off the bridge, a 
telegram that only arrived at its destination after the bridge 
lay in the bed of the river. 

It is after this difficult to understand how the Commis- 
sioners could find that the chief engineer of the Phoenix 
Bridge Co. had not the technical knowledge to properly 
organise or direct a work of this magnitude; that the officials 
of the Phoenix Bridge Co. erred in judgment, and generally 
were not able to appreciate the difficulties and magnitude of 
the undertaking. 

It is, however, quite plain, that given the responsibility of 
the Phoenix Bridge Co., they should, as the report stiifes, 



Digitized by 



Google 



July, 1908. 



The Railway Engineer. 



221 



have appointed an engineer of erection of long experience in 
large bridges, to watch the work on site, and given him the 
powers that such resident engineers usually have, that of 
making an important decision on the spot, when urgent 
necessity arrives. 

There is no doubt, as one American journal says, that the 
appointment of so renowned a bridge constructor as Mr. 
Theodore Cooper raised **a false feeling of security;" but 
it was hardly complimentary to his brother engineers for 
that gentleman to say that ** There is nobody competent to 
ciiticisc us.** 

It is very fortunate, on behalf of the whole engineering 
profession throughout the world, that the exact point of 
failure of this immense structure has been so definitely 
discovered. 

The old controversy of pin joints or riveted joints has 
to some extent been brought up again in connection with 
this disaster, and one American writer suggests that although 
th;? bottom chord segments were joined by means of pins, yet 
the splices at the joints were of such a nature that statically 
indeterminate stresses were set up, and that secondary 
stresses may have had something to do with the failure. 

This sort of argument, however, rests on a basis of 
pure theory only, since practice has not shown that riveted 
connections are in any way dangerous. Can anyone point 
out a case where such a design employing riveted connections 
has failed because of such riveting? In any case no one, 
whether American or British, will deny that a degree of 
stiffness is gained by riveting that is lacking in the pin 
jointed structure. 

It may very well be asked whether in any pin jointed 
structure the pins do actually rotate in the way that they are 
assumed to do, and if not, whether the connection is not 
after all one that sets up secondary stresses in just the same 
way as the riveted joint is presumed to do. 

To sum up, an enormous bridge of this magnitude 
presents many points that are uncertain as regards their exact 
action under stress. There is very great danger in cutting 
things too fine and it is unwise to attempt the work without 
ample funds. Our own Forth Bridge had its own uncer- 
tainties and the engineers perhaps did the right thing to 
employ a large factor of safety in such parts where uncer- 
tainties were known to exist, and to make the ** co-efficient 
of uncertainty '* very large. No further proof is required that 
the tubular system of compression members is far and away 
superior to the method of thin plates lightly connected by 
tiivial latticing. Further it may be said that the riveted 
joint system holds the advantage over the pin jointed 
structure, even though there may be secondary stresses. The 
I'^orth Bridge surely acts as a whole instead of a series of 
pTrts more or less independent secured by pins. Stability 
is ensured in the latter by its width of 120ft. as compared 
with the width of the Quebec Bridge, which is only 67ft. 
The case prones beyond a doubt that science must be used 
in its prcper manner only and that the governing principle 
must after all be common sense and ordinary prudence. 

Figure i allows the comparison between the Forth 
Rridi^e and the Quebec Bridge to he secn» showing that the 
Inttcr is not so very enormous after all, although claimed to 
be the " biggest on the globe.'* 



Locomotive Journals and Bearings.— V.* 

LondoHy Brighton and South Coast Railway. 
The engines of this line are not required to make long non- 
stop runs, but many of the trains are heavy, the line is 
crowded, and stiff gradients have to be surmounted. There 
has always been a desire to have the Brighton expresses 
accelerated so that the journey between London and Brighton 
in either direction might be done inside the hour, but the 
engines in use before Mr. D. Earle Marsh, M.Inst.C.E., was 
appointed locomotive and carriage engineer did not seem 
able to do the work, at any rate they did not. 

Mr. Marsh, to whom we are indebted for the drawings of 
the details illustrated, introduced more powerful engines of 
the 4-4-2 or **Atlantic*' type, having cylinders iS^in. by 26in., 
coupled wheels 6ft. 7 Jin. diam., and a boiler pressure of 
200 lbs. per sq. in., but the details illustrated do not .belong 
to engines of that class. 



Fig. 20.— Driving Axle Box ; Lrndoo, Brighton and South Coast Railway. 

Driving Axle-Box (fig. 20). — In this axle-box there are 
several points of detail which distinguish it from all others, 
though it is similar to the L. and North Western and Great 
Western designs, in that the box is made of cast steel. It 
is i^in. wide; Sin. deep over the centre, but in addition the 
top flanges are 4iin. deep, and the wearing surfaces for the 
horn blocks 6J^in. by iGfin. The top corners have fillets 
I Jin. radius. It carries a dead load of about 7 tons. The 
bearing is for a journal 8Jin. diam. and is SJin. long. The 
top of the bearing is flat and it is prevented from moving in 
the box by an annular projection ^in. high and 3in. and 6in. 
diam., fitting into a similar recess in the box Jin. deep so 
that the box does not seat on the bearing over this area 6in. 



•Prcviius articles of this series appeared in Fcbiuary, March, May and 
June, 1908. 
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diam. The corners of the bearing are taken oflF to ifin. 
square so that the seat is quite clear of the corner fillets of the 
box. The bearing is made of gunmetal and the journal seat 
extends to the centre line, has four insets of white metal 
about 3iin. by 2}in., and the sides are prolonged 3in. below 
the centre, as shown on the drawings. 

The top of the box has an oil cup 2 Jin. diam. by lin. deep 
cast in it. This tapers quickly into a ^in. oil hole leading 10 



and made of No. 20 l.VV.G. steel wire like the Great 
Northern pad. 

Connecting Rod (fig. 22)' — This rod is designed for large 
numbers of engines with inside cylinders igin. diam« by 26in. 
stroke, driving wheels 6ft. gin. diam., and working pressure 
of 180 lbs. per sq. in. It is of the bolted or marine type, and 
in this respect resembles the Caledonian connecting rod 

h- t^'-ir-~-\-^4i- 1 



Fig. 21. — Axle Box Keep ; London^ Brighton «nd Souih Coa^t Railway. 

an oil channel lin. by Jin. by 6in. along the journal bearing. 
The oil is syphoned by trimmings into the oil cup from the 
oil well formed by the top of the casting. Inspection holes 
are provided in the deep top flanges and the outside ones are 
covered by swinging shutters of ^in. steel plate, as shown. 



Fig. 22.— LabricAting Pad ; London, Brighton and South Coast Railiray. 

illustrated on p. 65 of our February, '08, issue, but the 
details, particularly in the big-end, are, it will be seen by 
comparing the drawings, different. The length of the rod Js 
6ft. 6in. between the centres. It is made of toughened steel, 
turned circular in section tapering from 3Jin. to 2|fin. diam. 



Fig. 23.— Connecting Rod ; London, Brighton and South Coast Railway. 



The keep (fig. 21) is of cast steel and is cast in one 
with the spring link. It is attached to the axle-box by two 
wrought-iron pins i|in. diam., as shown, and has its sides 
faced with white metal. The top of this casting carries the 
lubricating pad (fig. 22)^ which is supported at its four corners 
by vertical spiral springs ^in. diam. by j|in. uncompressed 



The fork for the big-end bush does not extend beyond the 
centre, the toughened steel strap or keep, which has a middle 
section of 2 Jin. by 3 Jin., being brought round and fitted into 
its ends as shown. 

The big-end bush is made of gun-metal in halves. The 
bearing is 8Jin. diam. by 35in. long and is fitted with 4 
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groups of white metal insets each ijin. diam. by Jin. thick, 
arranjij^ed as shown. The bolts and nuts are of steel, 2^in. 
diam., with a fin. hole drilled from the head nearly to the 
commencement of the screw thread. This practice somewhat 
lightens the head of the rod and secures a uniform section in 



V- 



Fig. 24.— Coopling Rod ; Loodon, Brighton and South Coast Railway. 

the bolts. The heads are provided with flats which are let 
into the keep to prevent their turning. The nuts are 3in. 
deep and are secured by | by i i split cotters through the bolt- 
ends. 

The oil cup is on the strap and is cut out of the solid and 
is provided with a brass cap which has a filling hole tapped 



1 1 threads to the inch and which is closed with a cork or 
wooden plug. The oil is syphoned by trimmings down ^in. 
feed holes on either side of the top bolt, see drawing, into m 
oil channel fin. by 2 Jin. by Jin. deep. 

The small butt end is 4in. by 2|fin. and the gun-metal 
bush (in halves) is attached to it by a strap of toughened steel 
ly^in. thick at the middle of the bend. The ends of the 
strap are retained by a \\\x\. steel bolt reduced to i-ftin. 
d'am., where it passes (clear) through the butt and provided 
with a flat on its end and a nut having a recessed seat and 
secured by a f|jin. split pin. The shear is taken and the 
adjustment of the bearing provided for by a steel cotter lin. 
by 3T^,in. (round ends) middle section, secured by a fin. steel 
set-screw and two ^in. by ^in. split cotters. 

The small-end bearing is 3in. diam. by 2)}^ in. long. 

The oil cup is cut out of the solid and provided with a 
brass cap similar to that on the big-end. 

Coupling Rod (fig. 24).- -This rod is 8ft. gin. long between 
the centres. It is of steel machined to the usual I section. 
It is 5in. deep in the middle and 4in. at the ends. The heads 
are 2in. and the web fin. thick. The top and bottom corners 
are rounded off to a f^gin. radius and the minor ones to |in. 
radius, the fillets to the web being ^^(jin. radius. The heads 
are turned on the top and bottom. 

The eyes are 75in. diam. by 3f in. and carry plain phosphor 
bronze bushes nearly fin. thick, the bearings Ix'ing 4g\in. 
diam. by 4/.2'"' for journals 4iin. long. The bushes arc 
secured by fin. set screws in the usual manner. 

The oil cups arc cut out of the solid and finished like those 
on the connecting rod. 

The rods are retained on their pins by screwed washers 
with a taper pin split at its small-end. 



Sleeping Saloons; London and South Western Railway. 

In our last issue we gave a description, together with a designs of Mr. S. Warner, carriage and wagon superin- 
view of the interior of one of the compartments of the tendent, and, as promised, we are now able to publish draw- 
Sleeping .Saloons which have lately been built at the L. and ings of these handsomely furnished vehicles. 
5k>uth.Western R. carriage works at Eastleigh, to the It will be seen from the notes on the drawings that these 
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Sleeping Saloon ; London and South Western Railway. 
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Slceping^ Saloons are fitted up with the latest and most 
approved style, and that they are replete with every appliance 
calculated to render a night journey comfortable and 
pleasant. 

The saloons are divided into seven single and two double 
berth compartments, furnished with brass bedsteads, lava- 
tories, folding tables, towel racks, mirrors, etc. As the 
bedsteads arc not fixtures they are readily removed so that 
the compartments may be easily and thoroughly cleaned. 
The sides of the compartments are lined with polished 
wainscot oak facias and Hungarian ash panels, and the roofs 
of ply wood, painted white ornamented with gold; all mould- 
ings and heavy upholstery likely to harbour dust have been 
carefully avoided as far as possible. The Saloons are pro- 
vided with electric light (generated by Stone and Co. 's 
system), the switches being arranged so that passengers, 
without leaving the beds, may regulate the light so as to have 



Section A B. 




Wash Basin side of Single Compartment. 



Sleeping Saloon ; London and South Western Railway. 



Bed side of Single and Doable Compartments. 
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a full or ** g^low '* light as they wish, and a reading lamp 
is fitted over the bed. The wash basins are supplied with 
hot and cold water, and the compartments have steam heaters 
also directly under the control of the passengers. 



are inserted. The bolster springs are of Timmis' differential 
sections, and the side bearing springs are 5ft. centres 
having 8 plates, 4in. by ^in. 

The bogies are built up of pressed steel plates; the wheel 



Coach side of Single 
ComfMrtment. 



Corridor Partition side o( Single 
Compartment. 



Corridor Partition side 
of Double Compartment. 



Coach side of Doable 
Compartment. 




The lavatory fittings 
are highly finished, and 
were supplied by Uoulton 
and Co. The tops of the 
basins are of St. Anne's 
marble, and the basins are 
of white \v;ire, decorated 
with gold. Tiles are fixed 
round and above the 
basins, so that all splash 
marks are easily cleaned 
off. In the double berth 
compartments the lid of 
the wash - basin forms, 
when closed, a convenient 
table, and when up, by an 
ingenious arrangement, 
shields the beds and 
mirrors from splashes. 

Each compartment has Ash's ventilators in the roof. 

F*artirular care has been paid to make the riding as quiet 
as possible. The floors are double, and between the body and 
the under-frame Spencer's patent rubber ring body blocks 



Outside Corridor Partition of Single Compartment. 
Sleeping Saloon ; London and South Western Railway. 



The 



base is Sft., and the length between the centres 39ft. 
wheels are 3ft. 7in. on the tread. 

Externally the saloons match the rest of the L. and South 
Western stock. The ends of the waist panels are covered 
with a brass strip ijin. wide, let in flush, and well bedded 
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Knd V^icw, Sleeping Saloon ; London and South Western Railway. 

with white lead, there bein^ three lengths to the body. 

All the wheels have double brake blocks, each under- 
frame having^ two of the Vacuum Brake Co.*s iHin. cylinders. 



Electric Traction Installation on the Heysham, 
Mopecambe and Lancaster Section of the Midland 

Railway. 

The equipment of the Heysham, Morecambe and Lancaster section 
of the Midland R. was completed in May though the length be- 
tween Morecambe and Heysham has been opened to traffic (by 
electric trains) since 13th April. The installation is one of parti- 
cular interest, as it is the first in this country on the single-phase 
alternating current system. 

The oveihtad construction was designed and carried out under 
the direction of Mr. VV. B. VVorthington, engineer-in-chief, Mr. 
J. Sayers, telegraph engineer, and Mr. Argyle, northern divi- 
sional engineer, of the Midland R. It is similar as regards the 
type of suspension to that adopted on the Hamburg-Altona R., the 
patents for which in England are held by Siemens Bros., of 
Westminster, the chief difference between th<Mii being the sus- 
pension of the catenary wire, which is the design of Mr. Sayers- 

The installation comprises the double line betwe<'n Heysham 
and Morecambe; Morecambe and Lancaster ((ireen Ayre); Juid 
the single line from Lancaster (Green Ayre) to Lancaster (Castle) ; 
the total length as single road being about 21 miles. The line, 
fig. I, passes under a number of overbridges, mostly of the arched 
shape and the clearance of these bridges has been a matter of 
considerable interest. 

The use of a single bow for travelling in both directions 
necessitates the bow being symmetrical about the centre of the 
coach and this brings the bow nec("ssarily very close to the 
structure of the bridge. In order to get through at all it is 
necessary to take the contact wire well out towards the centre 
of the arch so that it may come down low, but yet will be clear 
of the loading gauge so that the other side of the bow may 
clear the structure properly. 

In addition to the bridges, the Lune Viaduct presented a 
special problem, as it is on a nine chain curve and terminates 
at the end of Lancaster .Station, which is also on a curve. 

The contact wire is of the figure 8 section and is run in 
lengths of from 800 to 1,000 yards. One end of each length is 
fixed through insulators to a terminal gantry and the other end 



is attached through suitable pullies. etc., to a weight equal to 
about 1,200 lbs. The fixed end is always that at which the 
train enters, the tendency of the bow is therefore always to 
straighten the contact wire, which is 70 sq. m/m section. At 
first the strain put on was equal to 800 lbs., and the hon/ontsti 
stagger was made equal to 4ft. ; that is, 2fl. from the centre 
line of the coach, but the experimental trials which went on for 
some months before passenger trains were run showed that the 
total friction of pull-ofTs, etc., was such as to make it necessary 
to increase the tension to abcmt 1,200 lbs. for a length of i,ooc> 
yards. With this weight the strain goes fairly evenly througrh- 
out the whole length. It was also found that a 4fL stagger for 
a bow, which measured from tip to tip 7ft. lin., was too much 
for running at high speeds. '1 he line is situated in a country 
swept by ver>' violent gales, and it is now consider«?d that a 
stagger of 2ft. is a more practicable figure, though part of the 
line is actually run with ^fl. stagger. (Fig. in.] 
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The height of the contact wire from rail level varies from 18ft. 
}^\x\. in the open to 13ft. 3in. under bridges. It is suspended 
by short loups about 4in. long from a steel cable called the 
auxiliary wire. 1 he loops are fixed to the contact wire, but 
are mtivable km\ the auxiliary wire. The auxiliar}* wire again is 
held by the m.iin catenary cables, of which there are two; the* 
main catenary span being thus broken up into six short spans 
on the auxiliary. 

The two catenary cables are clipped together throughout their 
length, i-xcept for about 3ft. on either side of the insulator 
where they divide, fig. 3, to pass through the grooves of the 
insulators. The catenary is therefore free to move for this dis- 
tance, and the strains in spans due to unequal loading are 
equalised : at the same time it is secure in the case of the 
breaking of the wire, as has actually been proved by experience. 

Sectit»n switches of the double break air pattern are fixed 
on the top of the poles supporting the gantries so as to t.solate 
the up and down line, or to isolate the different branches. 
Each section switch is in addition duplicated and the con- 
nection from one contact wire to the section ahead of it is 
accomplished b\ means of a short section of switch wire which 
requires to be connected to the contact wires before the line is 
switched through, at this point. This arrangement was adopted 
in order to get a duplicate break, and what is more important 
a short length of line into which a car can run without bridging 
by means of its bow two sections which it was supposed might 
require to be isolated. The switches are provided with padltKks. 
.\ similar type of switch is in use at the various stations to 
enable the station stafl to earth the overhead wiring in case 
of emergency. 

The gantries are connected together by a separate overhead 
steel cable, which is earthed every half mile, the same earth 
plates being used for lightning arresters of the horn type, the 
object being to diminish the number of earth plates requiring 
attention, and thus to give better security from danger due to the 
poles being charged by a leaky insulator. This earthed steel 
cable has been ercxrted in ever>' case between the contact wire 
and the telegraph wires which are open on one side of the line, 
and it is believed that its presence has had a great elTeet in 
reducir>g the electrostatic induction from the contact wire to the 
telegraph wires. The object was to avoid, if possible, cabling 
telegraph and telephone wires, and so far the results are favour- 
able to the idea that it will not be necessary to put all such 
open wires underground when high pressure traction systems are 
erected overhead. At the same time it will certainly be necessary 
to provide some sort of high resistance leak on any wire parallel 
to such a system, as in certain circumstances, if the wire were, 
for instance, thrown out of work by disconnection at the test 
board, there might be an electrostatic potential between it and 
earth with a ver\' high voltage which would be ver\' inconvenient 
for maintenance purposes. 

Straight creosoted wooden poles have been mostly used, but 
at Morecambe Station and at one or two other points, fig. 2, 
it has been necessary to erect lattice steel poles and lattice girder 
gantries owing to the big spans. 

Where wooden poles are used the gantries ari» made of two 
angles brought together at the ends, but kept apart for the 
greater part of their length by distance pieces lin. thick, enabl- 
ing the bolts from the insulator saddles to drop in the gap, so 
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giving a great range of adjustment of the insulator position 
without any necessity for drilling. (Figs. 2 to 8). 

Before settling the dimensions of the insulators, fig. 3, 
advantage was, by the kindness of Messrs. Siemens Bros., taken 
of the experiments made by that firm to ascertain what was the 
minimum distance at which a 6,6(k> volts 25 cycle circuit would 
maintain an arc in the heaviest weather from an insulator shetl. 
The steel bolts supporting the insulators are encased with ebonite 
with a view to getting practically double insulation with one 
insulator. In addition to this, the insulator itself is made very 
massive and in two pieces, as the line is very likely to suffer 



Lancastlb Station 
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prevent any moisture getting into the drilled holes or on to the 
bond plugs during the process, and in very wet weather the 
work was abandoned. By means of protective devices it was 
found possible to go on with bonding in moderately wet or damp 
weather, but the tests carriixl out when the whole of the work 
was finished or the resistance of each bond showed in an inter- 
esting manner that although the bonds were absolutely first 
class, those which were carried out in perfectly dry and fine 
weather were quite distinguishable, by resistance test, from those 
which were carried out in damp or misty weather. It will be 
interesting to note, as time goes on, whether this difference in 

resistance is intensified. 

The rails are earthed at Hey sham 
Harbour in the sea by duplicate 
copper earth plates. At Morecambe 
they are earthed at the end of the 
Midland R. pier ; these plates being 
also of copper, but for protection they 
are dropped into a large cast iron 
caisson recovered from an old Mid- 
land bridge. At Lancaster the rails 
are earthed to the cast iron columns 
of the bridge where they rest in the 
bed of the river, where water is 
always flowing. 

Recording ammeters were put in 
these various earths, with a view of 
indicating the proportion of current 
which returns by these routes. 

There are no feeders other than 
the two contact wires. 

The overhead wire works at a 
potential of 6,600 volts, single-phase- 
alternating current, 25 cycles, gene- 
rated at the existing power station at 
Heysham, in which the necessary 
additional machinery has been laid 
down to enable it to supply single- 
phase current, it being a direct 
current station. 

The motive power of this station 
is gas. There are two ** Mond ** pro- 
ducers of 750 to 1,000 h.p. capacity 
each, with the accessory blowing, 
steam producing, cooling and clean- 
ing apparatus. 



Fig 3. — High Tension Insulator. 




Hailwcfy Engineer 



Fig. I. — Diagram of Route and Gradients, Heysham — Morecambe- 
Lanca&ter Electrification ; Midland Railway. 



from damage from stone throwing at the large number of level 
crossings, and in addition will be exposed to the worst of 
weathers. The insulators in combination with the twin catenary 
cable brings the side strain of the overhead gear below the level 
of the inside bolt, and there is no point at which the catenary 
cable itself is being deformed by the pressure of any clamp, 
and no point at which the mechanical waves tend to break the 
wire at a point of reflection. 

The outer rail on each line is bonde<I throughout its length 
with Forest City bonds in duplicate under the fish-plates. At 
all the crossings and junctions all rails are bonded together 
for greater continuity with the wheels of the coaches ; these bonds 
and those used for cross bonding are ordinary copper cable 
bonds. Very great care was exercised in bonding the line to 



The engine room contained three 250 h.p. 3-cyrmder British 
Westinghouse Co. 's engines, driving 150 K.W. (direct-current, 
4<x) volts) generators, and a battery having a capacity of 100 
K.W. for 5 hours, with the usual corresponding rates for shorter 
and longer periods. The existing load on the station, consisting 
chielly of fast speed, heavy motored cranes, is very variable 
and the battery has been used, in conjunction with a British 
Westinghouse Co.'s automatic reversible booster, for taking up 
the *• peak " loads. 

In connection with the traction installation, an additional 
350 h.p. 235 K.W. Westinghouse Co.'s engine and generator, 
also generating 460 volts direct-current, has been added. The 
single-phase current is obtained through two D.C.-A.C. motor- 
generators, by the Electric Construction Co. 
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Fig. 6. — Overhead Construciion, Torrisholme. 



Fig. 7. — Overhead Conslruclion, Morecamhe. 
Ileysham — Morecamhe — Lancaster Eletrification ; Midland Railway. 



The demand on the station, fig^. 9, will show very heavy 
*' peaks,'' durinq^ which periods the intention is, whatever the 
actual load may be, to work engines to their full overload 
caf.acity (20-25% •" ^^e old and 10-15% in the new set) 
before the battery is called upon to discharge heavily. The 
latter will, however, be called on to work up to its full one hour 
rate of 750-1,000 amperes. A new battery booster by the Lana- 
shlre Dynamo and Motor Co. (whose machine is particularly 
suited for this methtxl of workinj<) has been installed. As it 
was found that the jTj^(*n era tors were working" on the fallintj por- 
tion of their characteristics and their pressure dropped badly as 
their loads increased, exciters of 3 K.VV. capacity were mounted 
on the enj^ine bedplates and belt driven from a pulley fitted on 
the f^^enerator shaft, the compound windinfijs beinfi^ fitted on these 
exciters, and varying^ their voltage, and consequently that on 
the main generator fields, so that the existing copper on the 
latter was fully utilised and without any serious stoppage of 
the generating sets. 

The new booster is of the three-wire type. With a com- 
paratively low continuous rating it satisfactorily commuta.tes 
the ** peak " discharges up to 750-1,000 amps.; and it can be 



set to make the engines work up to their overloads as above, 
or to work under practically any other conditions, without any 
serious drop on the bus-bar voltage. 

The new generating set comprises the Westinghouse Co.'s 
latest type of gas engine, having three cranks and sets of 
cylinders, ** forced " lubrication, and a speed of 300 r.p.m. Its 
performance so far proves it to be an excellent engine, and as 
reliable as any steam engine. 

The motor generators are in many ways exceptional machines 
which have to work under exceptional conditions. The load 
varies from nothing to upwards of 1,000 K.VV. in very short 
periods. The specification called for machines to be capable of 
a continuous output of 150-200 K.W. with a temperature rise of 
80^^ F". of safely carrying output overloads of 900 K.W. instan- 
taneous, 600 K.W. for ^min., 500 K.W. for jmin., and 300 K.W. 
for 23min., and of being tested under a regular cycle of these 
overloads, with underloads in between, for 8 hours. The internal 
driving losses were also required to be kept down, while on the 
alternating current side they were required to regulate within 6% 
on throwing-off a non-inductive load equal to the full continuous 
load, and within 20% on throwing-off a similar but inductive 
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Fi^;. 8. — Overhead Construction ; Torrisholme. 

assistance of external means if necessary to restore the pressure 
to normal within 7 seconds of the coming on or throwing off of 
loads up to 600 K.VV. at 0.8 power factor, or 300 K.VV. at power 
factors down to 0.3. 

Widely varying proposals were received. The Electric Con- 



struction Co. *s machines were selected as they are very compact 
and require a small amount of driving current, besides having 
a high efficiency. 

The Makers* specification was 175 K.W. on continuous rating, 
the machines on test being well within the specified temperature 
rise, but not excessively so. During the experimental running 
of the trains each of the sets have several times been subjected 
to loads up to qoo K.W. input without the slightest commutator 
trouble and smaller overloads of 600, 500 K.VV^, etc., have been 
very frequent, and have been carried with equally satisfactory 
results. The alternating current regulation is also fully up to 
the specified requirements, and on an average after the switch- 
ing on or throwing off of a heavy load the voltage is wstored 
to its normal of 6600 volts within 3 seconds, while the voltage 
even then only varies about 300 volts each way. 

The direct current motor is compound wound with commutat- 
ing poles, the series winding being a very slight one, and put in 
principally to assist the two .-ets to run in parallel satisfactorily, 
which they do. 

The alternator has a three-phase star winding so that if one 
winding breaks down the other two may be used for the single- 
phase supply, otherwise no use is made of the three-phase con- 
nections. The machine is of the standard internal revolving 
field ty[>e, and it excited from an exciter carried on the end of 
the bedplate and spur geared up to about 1,100 revolutions. This 
exciter has laminated fields and is compound wound, its series 
winding carrying a portion of the main motor current, so that 
(so far at least as varying loads of equal power factor are con- 
cerned) the tendency of the alternator to drop in volts is thus 
compensated for. 

Compensation for varying power factors is effected by means 
of a regulator, designed and constructed by the Electric Con- 
struction Co. and the first of its kind, which inserts or extracts 
resistance from the circuit of the shunt field of the exciters by 
the action of solenoids, which are respectively excited as the 
volt«age exceeds, or is less than, the normal. 

The direct current motor armature and the revolving field 
alternator are carried on the same shaft without any intermedi- 
ate bearing. There are only two main bearings on the machines 
and these are ball bearings, which, so far, have given every 
satisfaction, and have proved very advantageous in reducing 
the starting current, which at 460 volts is only about 75 amperes, 



Fig. 9.— General View of Heysham Power Station. 



Digitized by 



Google 



July, 1908. 



The Railway Engineer, 



2';i 



switchboard, the switches being operated from the handles of the 
latter through rodding. The door of this high tension chamber 
is interlocked with the holdirrg-up coil of the motor circuit 
breakers, so that unless the door is closed neither motor generator 
set can be started while if it be opened during running every- 
thing stops. 

Tlie rolling stock consists of three trains, there being three 
motor cars, two with equipments bv Siemens Bros., and one 
equipped by the Westinghouse Co. llhe order being thus divided 
was purely that Messrs. Siemens were supplying all-electric 
control, which was preferred to the Railway Co., whereas the 
Westinghouse Co. preferred to adhere to their electro-pneumatic 
control apparatus. In addition to the motor cars four trailer 
cars have been specially built. Each end of each of the trailers 
and of the motor cars is equipped with driving apparatus. The 
services contemplated are every 20 minutes between Hcysham 
and Morocambe, and every 15 minutes between Morecambe and 
I^ncastcr, using a single train in each case. The trains will, 
however, not Ik* worked up to anything like this service through- 
out the day. (Figs, ji, 12 and 13.) 

The rolling stock was built at Derby to the designs of Mr. D. 
Bain, carriage and wagon superintendent. 

The motor cars are open central corridor type, 6oft. long by 
qft. wide, divided into three compartments seating 72 passengers, 
and vestibuU* compartment at each end for the driver or guard. 



and the no-load loss, which is about 23 K.W., with the exciter 
and alternator fully excited. 

'ITic switchboard was designed and constructed by the rail- 
way company, the instruments being made by the Westing- 
house Co. From fig. 10 it will be seen that each of the motor 
generators is supplied from the low tension bus-bars through 
a no-voltage and overload circuit breaker. The shunt circuit is 
excited through a separate double pole knife-switch, with kick- 
ing contacts and resistances. Startiiig resistance is cut out by 
means of a si't of knife-switches. By means of a throw-over 
switch these can be used to start eithg^r set of the machines, a 
heavy triple-bladed knife switch being thrown in finally and con- 
necting them direct to the bus-bars when the machines are fully 
started up. 

On the alternating current side each alternator is connected 
up to the bus-bars by a hand operated oil switch and the current 
passes from the bus-bars through duplicate automatic circuit 
breakers to duplicate feeders passing out to the overhead line. 
.\11 the circuit breakers, both high and low tension, have time 
limit devices. The exciter shunt fields of the alternators are also 
connected through double pole switches with non-inductive con- 
tacts and resistances. The mstruments used consist of an ameter, 
on each of the direct current motor circuits, and a voltmeter, 
ammeter, and watt-hour motor on each of the alternator cir- 
cuits, all operated through transformers. There is also an indicat- 
ing watt-meter between the bus-bars and the out-going feeders, 
and the regulator is connected to the same transformer. 

The high tension apparatus is contained in a lock-fast ex- 
panded metal chamber placed over at the back of the actual 




Fig. 10.— Diagram of Connections, Motor Generators and Switchboard ; 
Heysbam Generating Station. 
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Fig. II. — Three-Coach Train on Line at a Section. 



Fig. i2.~-We8tinghouse Car showing bow, and apparatus suspended on underframe. 



:; Fig. 13.— Siemens Motor Car showing bows and wire netting on roof. Fig. 14.— Motor Bogie. 
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The central compartment is 25ft. long with transverse seats, 
while the other two compartments, each 13ft. sin. long, have 
longitudinal seats. 

Internally the cars have been finished with a view to facili- 
tate their cleaning : the roof is lined with millboard painted 
white, the sides, ends, etc., of polished oak, and the seats are 
covered with perforated sycamore. 

The underframe is constructed of Z and channel steel, con- 
nected by angle knees and gusset plates, and well supported 
with truss rods. 

The trailing bogies are the Midland R. standard pattern, com- 
posed of pressed steel members. The wheel base is 8ft., and the 
wheels are 3ft. 7iin. diam. on tread. 

All the cars are fitted with both hand and power brakes, under 
easy control of the driver at either end of the vehicle. The power 
brake is of the vacuum type, the vacuum being obtained by pumps 
driven from independent motors* Trailing bogie wheels are 
braked on both sides. 

The trailer cars are 43ft. long by 9ft. wide and have a driver's 
vestibule. at either end. The underframing is of light construc- 
tion. 

Tlie motor bogies were constructed by the Locomotive De- 
partment. The axles are of forged steel, 6|in. diam., parallel 
between the wheels; the journals being Qin. by 4fin. diam. The 
wheel base is 8ft. 6in. and the driving wheels are 3ft. 7Jin. 




diam. on the tread when new. As only a few cast steel centres 
were required an existing tender wheel pattern was made use 
of, and consequently the wheels are considerably heavier than 
is necessary. The tyres are siin. wide and are shrunk on the 
centre and held by screws through its rim. Figs. 14 and 15 show 
the construction. The steel side frames are of rolled joist section, 14 
by 6, and the end frame of 10 by 4 channels. The transom, or 
centre cross frame, is box section, built up of plates and angles. 
The axleboxes are of a special pattern, but very similar to the 
MR.R. standard carriage axleboxes suitably altered to act as 
driving boxes. (See fig. 16.) The brasses which are white- 
metalled subtend a slightly larger angle than the usual carriage 
brass, being about the same angle as locomotive brasses. The 
horn blocks are cast steel bolted with the usual fitted bolts to the 
framing. The box is a good sliding fit in the blocks longitudin- 
ally, but across, i.e., lengthwise of the axle it only actually fits 
the blocks a distance of about ijin. at a point opposite to the 
centre of the bearing area, being tapered out the remainder of 
its length both ways to the extent of about |th of an inch, this 
obviating any tendency for the axle to be nipped during running 
at the throat of the journal. 

The brakes, as is usual in electric motor bogies, owing to 
want of room, act only on one side of the wheels. The blocks 
are hung from brackets on the bogie end frame, and are actuated 
by levers connected to bars running lengthwise under the inside 
top flange of the side frames. An arc shaped cross 
bar connects these bars together and is coupled to the 
brake pull rod through a shackle and roller arrange- 
ment, which allows for the swivelling of the bogie 
on curves without affecting the brake gear adjust- 
ment. The weight of the whole bogie is 6J tons, but 
the extra weight due to the use of the wheels above 
mentioned accounts for about 1 ton of this. 

Each motor car has two brake cylinders; the 
trailer cars have only one. 

![W\ U fhe vacuum is obtained from a Gresham and 

I "S^y jyli! ^ Craven vacuum pump supplied by the Vacuum Brake 
i!-TN^t=====n Company. The pump is motor driven with a worm 
speed reduction running in an oil bath. A single 
brake pump is used on each motor car. 

The control gear for the pumps is arranged so as 
to give a high and a low speed, the latter being i 
of the higher. The pump runs at the low speed 
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Fig. 15.— Motor Bogie. 
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18, and is combined with a switch which operates the contractors 
controlling the pump. Current is fed up to this switch through 
one contact of a three-way plug, of which one of the remaining 
contacts is the feed wire from the auxiliary transformer and the 
third goes to the master controller; it is, therefore, impossible 
to move the car by means of any of the controllers unless this 
plug is inserted, and its insertion automatically operates one 
of the pump contactors and starts it working at either the high 
or the low speed ; most probably the former as the driver's brake 
valve handle is removable, but can only be removed in full pump 
speed position. The use of this plug also ensures that only one 
controller throughout the train can be used at a time. 

There is a driver's brake valve in every driving department, but 
it will be clear that only the valve and switch in that compartment 
which is being used for driving and in which the driving feed 
plug is inserts! is operative for starting and var>'ing the speed 
of the pump, but the brake can be applied by the guard or other 
authorised person who is in possession of a handle at either end 
of every coach. 



Fig. 16. — Axle-box of Motor Bogie. 

throughout the operation of the train, and whether the brakes are 
being applied or not excepting when put on to the high speed in 
order to take off the brakes rapidly. The action thus corre..ponds 
exactly with the operation of the large and small ejectors on a 
locomotive. 

The pump control gear has been specially arranged with a 
view to making it practically impossible for a train to be moved 
without proper vacuum having first been obtained as follows :— 

The driver's brake valve is of special construction, figs. 17 and 




Handl£ 



Fig. 1 7. ~ Valve and Switch for Vacuum Brake. 



Fig. ]8. — Interior of Driver's Compartment. 

There is also on each motor car an additional switch controlled 
by the vacuum and which will trip the main circuit breaker in 
the event of the vacuum falling below about isin., this being 
decided upon principally in connection with emergency applica> 
tiops of the brake by a guard who will thus be given full control 
over the train, an advantage, seeing that there is only one 
motor man. This switch also ensures that motor men cannot 
start the train before taking off their brakes. 

A horn, which takes the place of a locomotive steam whistle, 
is carried on each end of each motor car, and is electrically 
operated the sound being produced by the vibration of a dia- 
phragm by means of apparatus similar, but of greater power 
arid more substantial construction, to the ordinary trembling 
bell, a surprisingly loud and clear note being obtained in this 
way. The sound is multiplied considerably by use of properly 
designed trumpets obtained from Messrs. Boosey and Co., and 
a very satisfactory sound is produced at an expenditure of far 
less power and much less complication than would be the case 
with the vacuum operated horn, in fact, the electric horn 
compares well with a horn operated by compressed air. The 
vibrators were supplied by Messrs. Marples, Leach and Co., and 
are operated by a small 12 volt set of secondary batteries, the 
train wire for operating them being carried through the train 
in the ordinary train cable and through the jumpers. 

For lighting, groups of six 24 volt lamps in series from the 
150 volt auxiliary transformer control main are provided. The 
two side tail lights, however, which are electric, are each 
direct on the 150 volt mains, the lamps being carried inside 
ordinary tail lanip lanterns which are detachable and carry an 
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Fig. 19.— Siemens Motor. 



ordinary watertight plug, the socket being 
fixed on the end of the coach, just above 
the lamp-iron. Lamp irons, plugs, and 
plug sockets, are provided at each end of 
each coach. The lamp in the driver's com- 
partment is specially shaded so as to 
throw only a narrow beam of light on the 
vacuum gauge and ammeter, thus allow- 
ing the driver to get a good view of the 
road outside, his compartment being 
practically dark. The shade is arranged 
so as to be opened when occupied as a 
guard's and luggage compartment, or as 
an entrance vestibule. 

In order to clear the outside of the 
driver's window from snow and rain a 
special scraper has been arranged with a 
handle inside the compartment so that by 
throwing this handle up and down the 
window is cleared. The scrape consists 
of a rubber squeegee. 

The driving equipment of two of the 
motor cars has been supplied by Messrs. 
Siemens Brothers' Dynamo Works, of 
London and Stafford, and of the third by 
the British VV'estinghouse Co. The 
specification of the equipments called for 
2 motors per car, both to be carried on 
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one bogie, it being considered both the more economical and the 
more mechanical arrangement to concentrate the motor power and 
reduce the number of parts as much as possible, while with single- 
phase traction and voltage step control there is, of course, no 
necessity to consider series paralleling. 

The normal train was specified to consist of a moior car an<l 
two trailers, the weight of these being, without any of the 
electric apparatus or the mountings for the same, 25 tons for 
the motor car and 17^ tons for each of the trailers. The motor 
car seating 72 passengers and the trailers 54, the respective stand- 
ing capacity being 58 and 36, giving a total maximum capa- 
city without encroaching on the vestibules, of 310, with a total 
of 180 seats. It was specified to the contractors that they would 
be permitted to run at 25 miles per hour round the speed restricted 
curves, and on this basis the trains were to be capable of work- 
ing a 20 min. service from either end as between Hey sham and 
Morecambe with a single train and a 15 min, service as between 
Morecaanbe and Lancaster under similar conditions. 

The capacity of the motor car was to be such as to enable 
it to take on occasions two additional main line coaches weighing 
26 tons each, and was also to be capable of climbing with its 
train the gradient from Lancaster Green Ayre to Lancaster Castle 
occasionally. 

The additional length to Morecambe can probably still be 
covered for the 20 min. service if the cars be run at 25 miles 
per hour round the curves at the cost of a rather greater con- 
sumption of energy. 

The specification also called upon the contractors, should the 
order for the coaches be divided, to make their equipmenls 
capable of being worked from the same master controllers, and 
though considerable diftlculty had to be got over in order to 
meet this condition it was found possible to work the .Siemens' 
equipments in conjunction with the Westinghouse one in this 
way. 

It was considered by the Midland R. Co. that two 150 h.p. 
motors per motor coach would satisfactorily carry out the work, 
and the respective contractors supplied motors of their nearest 
standard sizes to this, the Siemens' motors, fig. 19, being nomin- 
ally of 180 h.p. and the Westinghouse motors of 150 h.p. 

The specification called for the motors being capable of de- 
livering, when tested on the stand with single-phase alternating 
current of the proper periodicity, their declared output for on<* 
hour with a temperature rise not exceeding 135*^ F, and they 
were also required to have a temperature rise not exceeding qo"^ 
F. on any portion after having run the three coach train for 6 
double trips as per the schedule above mentioned from Heysham 
to Morecambe, Morecambe to Lancaster, and return. Over- 
load and other similar tests were also specified. The control 
gear was specified to be preferably all-electric multiple unit type. 
The Westinghouse car has, however, been accepted with their 
standard electro-pneumatic control modified as necessary to 
enable it to work with the Siemens' car, which is all-electric. 
.Stringent guarantees of efficiency, energy consumption in watt 
hours per ton mile, and general performance were required to 
be given. The main transformer wa.s required to conform to the 
same test conditions for heating as the motors, an auxiliary 
transformer being specified to provide for the supply of current 
for lighting, heating, and working the control app.ir.itus and 
brake pump, this transformer having a three hour test specified, 
it being subject to continuous working. (See fig. 20.) 

The Siemens' cars are provided with two collector bows to 
ensure continuous contact as far as possible. It was found im- 
possible to get the firm's standard bow (which is of inverted 
pantagraph type) into the restricted space at disposal between 
the coach roof and over-bridges, and a type of bow has been 
adopted somewhat similar to the Continental tramway type of 
bow, but having a small auxiliary bow at the end controlled by 
parallel motion. This bow, while appearing somewhat simpler 
than the standard bow, and requiring less room, while fairly 
satisfactory in working, has the disadvantage that it requires 
balancing by a wind screen. 

The Westinghouse bow is of their standard pantagraph type, 
a single bow only being used, and this goes into the available 
space fairly well. 

Both makers' bows are purely spring controlled so far as their 
working is concerned; the Siemens' bow, however, is lowered 
by a master spring whicl; can be thrown out of action by a 
vacuum cylinder. 

The Westinghouse master spring is controlled as regards 
raising and lowering by compressed air, a special compressor 
being fitted. A small hand pump has been installed in each case 
for raising the bows when first starting out in the morning, or 
at similar times when no compressed air or vacuum is available. 

The Siemens' bows can be raised or lowered separately, and 
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the vacuum for holding them up is obtained from the train pipe 
through a ball valve, so that when the brakes are operated the 
vacuum remains on the bows. 

All the ** live '* portions of the collector gear in each case are 
carried on porcelain insulators. 

The roofs of all the coaches have been covered with an 
•* earthed " wire netting so as to throw out the station circuit 
breakers in the event of the ov(!rhead wire coming down on the 
roof. The elTicacy of this has been actually and satisfactorily 
tested in practice. 

The H.T. wiring on the Wcstinghouse cars is carried in lead 
covered cable which, on the roof, is protected with a further 
metsd covering. It is carried down about the centre of the car 
through a heavy section brass tube, the lead covering of the 
cable being sweated solid on to this tube at the top. This tubing 
is substantially ** earthed.*' The further H.T. wiring to the two 
transformers on this car is also in lead covered cable, which again 
in its turn is protected in metal tubing both heavily ** earthed.** 
llie cables are rubber insulated. 

Except for the short length down through the coach the 
H.T. wiring on the Siemens' cars is, from the bow down through 
the H.T. chamber to the main transformer, all bare wire, being 
carried on porcelain insulators on the civuh roof and underneath 
the coach. The vertical tube through the coach itself is of 
brass, and in this case made removalile, being practically part 
of the wiring* The cable is paper insulated lead covered ter- 
minating above and below in bitumen sealing chambers with 
porcelain insulator terminations. There is about 3/i6ths of an 
inch air s^pace between the lead covering and the inside of the 
tube. Both lead covering and tube are heavily ** earthed.** On 
the .Siemens* cars the H.T. wire proceeds into the H.T. chamber, 
the door of which is mechanically interlocked with the bows so that 
it cannot be opened unless the bows are down. 

The L.T. wiring, though low voltage, has proved little more 
difRcult to instal than the ordinary^ fmo volt wiring. Longitudin- 
ally it is carried between the two girders forming the centre 
members of the underframe, and it is supported between these 
two members in wooden frames spaced about 18 in. apart. The 
L.T. cables thetnselves are not carried in metal tubing, as 
probably eddy current troubles would arise if they were, but they 
are substantially surrounded with metal, and the coach body and 
its frames are all covered with sheet iron and asbestos wherever 
cables are run underneath. Where these tables require to go cross- 
wise they are carried between the tops of the girders and the 
floor and spread out fanwise. (Figs. 21 and 22.) 

The train cable is carried along the outside of the coach 
alongside the sole-bar in a metal tube, being carried round the 
bends in flexible metallic tubing. The train cable, couplers, and 
master controllers, for the whole of the motor cars and trailers, 
as well as all the pump motors and their control gear, have been 
supplied by Messrs. Siemens. 

The Siemens' H.T. apparatus and their contractors are con- 
tained in sheet iron cases which have been made by the Railway 
Co. The supporting these and of the transformers, auxiliary 
transformer, preventive coil and other apparatus has involved 
the provision of a good deal of special girder work on the 
underframe, which has added considerably to the weight of the 
latter. 

The Wcstinghouse apparatus is more self-contained though 
the supports for it also could probably be arranged at less ex- 
pense in weight. The respective weights of the two motor 
coaches are as follows : — 



Carriage body work 

Carriage bogie 

Special supports 

Motors with gear and gear case 

Main transformer 

Aux. Com. Transformer and preventive coil 

Pumps ami compressors 

Contactors and chambers 

Other sundries, Incl. bows, blowers, controllers, etc. 

Motor tH"«gie 

Total 

The Siemens' equipment consists of the two motors, fig. ig, 
the main transformer, the auxiliary transformer, preventive coil, 
and commutating transformer, li.T. circuit breaker and fuse 
in the main transformer circuit, H.T. fuse in the au-\iliary 
transformer circuit, contactors, motor fuses which also act as 
motor cut-outs, and low tension fuses in the circuit feeding the 
control and also a low tension fuse in the circuit feeding the fan. 

There is intentionally no fuse placed in the brake pump main 
circuits, the cables for which are carried in special heavy section 
tubing .so that if anything goes wrong on the pumps the main 
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H.T. fuse will be blown, and it will be impossible to work the 
car. (Figs 23 and 24.) 

The apparatus was very stringently tested at the maker's 
works with results satisfactory in every way. At 180 h.p., and 
with forced draught, the motors were very much under their 
guaranteed temperature rise, and did not exceed this tempera- 
ture rise when tested at this H.P., with natural ventilation on the 
stand. With forced draught, and with only 300 volts on their 
terminals (the full voltage being 340), they tested under the speci- 
fied temperature rise at 200 H.P., corresponding at full voltage 
to fully 225 H.P. They were also tested for continuous opera- 
tion giving at 250 volts, which was chosen as being a mean 
operating voltage, 105 H.P., for five hours with a temperature 
rise of only lis"" F., so that at full voltage, allowing nothing for 
the improved ventilation at the higher speed, the machine can 
give continuously nearly 150 H.P. 



F'g. 23.— Siemens apparatus on underframe showing H.T. and 
contactor chambers open. 

The sparking tests were equally satisfactory, there being no 
objectionable sparking at a current of 1,100 amps, at 300 volts, 
which corresponds at full voltage to 350 H.P., and a torque of 
fully 2}j times that at the rated H.P. of 180. 

The commutating transformer, while apparently an additional 
complication, probably pays its way in effectiveness, as the 
sparking of these .Siemens' motors, both on test and during 
actual running on the line, has proved to be quite as good as 
that of any, and better than that of many D.C. traction motors; 
in fact, during the testing on the line, currents of over 1,000 
amps, per motor have been of frequent application without any 
demonstration at the commutators even just at starting the 
brushes on the latter portion of the acceleration, and during free 
running, being absolutely dark. 



Fi^. 24.— Siemens H.T. chambers open. 

The operation of the contactors is also perfectly satisfactory, 
and gives none of the trouble that has been prophesied in various 
quarters for single-phase contactors in the direction of humming 
and chattering, excessive size, etc. though they are more liberally 
designed, than will probably be adhered to as standard practice. 

The master controllers are, it may be mentioned, of fly-back 
or dt'ad-man handle type, being, however, somewhat different 
from the usual design, inasmuch as the release of forward 
pressure on the handle by the driver trips the whole of the con- 
tactors at once, no matter on what stop the driver may be work- 
ing at the moment, and without his allowing the handle to come 
back to the *' off " position. This practically ensures the ob- 



Digitized by 



Google 



238 



The Railway Engineer. 



July, 1908. 



tatning of the maximum amount of safety that can bo obtained 
from a handle of this type thouj^h the occasional sudden throwing 
off of heavy loads in this way is a somewhat severe tax on the 
regulating projXTties of the power station. 

The Westinghouse equipment consists of motors, transformer, 
and auxiliary transformer, preventive coil, H.T. circuit breaker 
in main circuit, fuses in auxiliary H.'I\ and I..T. circuits, con- 
tactors, and control gear. (Kigs. 25 and 26.) 

The motors are ordinary straight series compensated without 
any special commutating device other than the commutator re- 
sistance leads, the equipment as a whole being very simple but 
effective. The commutating performance on the line of these 
motors is excellent, and also as gtMnl as, if not better than, 
most ordinary heavy D.(.\ traction motors, while the commu- 
tator remains in quite as good running comlition as that of 
any such motor. 

The contactors are electro-pneumatically operated, as are also 
the raising, lowering, and IcH'king gear of the bow, and to 
supply these parts a small compressor is installed in ifiddition to 
the vacuum pump. This equipment also was tested at the 
makers* works witi; highly satisfactory results, the temperature 
rise at the end of an hour's full load of J50 1 1. P. with single- 
phase current being well within the limit, while ovcTloads up to 
1,200 amps, corresponding to H.P. at full voltage, and 2} 



Fig. 25. — Westinghouse apparatus on underfraroe showing H.T. and 
rtverser chambers open. 

times normal full load torque were applieii without causing in- 
jurious sparking. 

The forced ventilation for the motors of both sets of cars has 
been fairly simple to arrange. For the Siemens* cars the 
suction duct has been carried inside the car under one of the 
seats, the whole of the air coming in this case from the inside 
of the car. 

The VVestinghouse car has a similar duct inside, but as 
more air is required for their motors they have also a suction 
duct with a filter taking air from the outside of the car. 



Q Fig. 26. — Westinghouse apparatus showing main contactor and pump 

h.^' '' 1^*.^. • contactor chambers open. 

In both cases this duct comes direct into the suction eye 
of the fan, and the delivery duct after leaving the fan splits 
into two pipes, one of which crosses to the other side of the 
coach and comes up under the longitudinal seats on that side, 
thus getting across the cross-member of the underframe and 
coming down again above the motor, to which the air then pro- 
ceeds through a rubber concertina pipe. The other half of the 
duct proceeds direct up under the longitudinal seat on its own 
side, coming down in a similar way to the other motor. 

The auxiliary transformer was adopted chiefly at the instance 
of Messrs. Siemens with a view partly to better suiting their 
control gear and partly to obviating any possibility of the lights 
in the coaches being put out by the coming out of the overload 
circuit breaker in the H.T. circuit, or by any other accident 
which would cut off supply from the main transformer. Also, 



during a great portion of the year the cars will be lyings in 
the stations for long intervals between running nnd an appre- 
ciable saving of energy will be eflccted by doing away during: 
such stoppages with the magnetisation losses of the large tranj^ 
fjirmer. On the Westinghouse car, however, at the instance of 
that Company, the main transformer is kept continuously 
energised except when the main circuit braker comes out on 
overload. 

The auxiliary transformer might be dispensed with in ca%e> 
where the cars are in continuous service, and this would alw> 
save some amount of H.T. apparatus. 

On the Westinghouse car there is no interlocking of the hi^h 
tension chamber with the bow, the high tension circuit breaker 
and fuse being put in lockfast cases, the keys of which arc 
kept at headquarters, so thai the train staff are not permitted 
access to these chambers at all. 

The performance of the motors of these three cars both an 
the test bed and on the line suffices to disprove the assertion 
made against singl<*-phase motors of excessive and injurious 
sparking. It may also be mentioned that in a test with a 
tw(vcar train weighing approximately 5S tons, made incidentally 
in the course of ordinary running, one of the Siemens' cars at- 
taine<l speeds of 30 miles per hour in 41 seconds, and 48 miles 
|>er hour in So seconds, and the free running sj)eed of fxi mile-'v 
per hour in iho seronds, starting, and running for 440 yards after 
*.'arling, on an up-grade of i in 2tx), there being, however, 
thereafter about 100 yards of level, and then a down-grade of i 
in 500 for li miles; this portion of the line is also very con- 
siderably curved, with curves of 30 and 40 chains radius. These 
tests are not the most favourable that could be obtained as the 
motors were not being worked to their utmost capacity. If 
analysed, bearing in mind that the machines are geared for 
*• free running *' at 60 miles per hour, and remembering the 
high train resistance at this spcned, this test shows the accelerat- 
ing power of the equipments to be ver>' satisf actor)'. 

The general scheme for the electrification, the equipment of 
the power station, and the driving equipments of the rolling 
stock, were originated and planned by Mr. R. M. Deeley, loco- 
motive superintendent of the Midland R.. and his assistant. Mr. 
J. Dalziel. The carriages are, as above mentioned, to the d*»- 
signs of Mr. D. Bain, carriage and wagon superintendent, who 
has been assisted by Mr. P. Ellis, chief draughtsman of h«s 
department. 

Recent Patents Relating to Railways. 

These abridgments of recently published specifications arc 
specially compiled for this review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of specifications can be obtained 
at an uniform price of Sd. each. 

Couplings (Wagon). 493, 8th January, igo8. W. 
Lowry, Dellabrook Cottage, Dundonald, Belfast. 
The end or hook link d of a three link coupling is slidably and 
pivotably connected with the draw-bar link or shackle 6, by rods / 
sliding in pivoted blocks /i, and is provided with an over-balancing 
weight .^, so that on i'aising the end link by suitable mechanical 
means, the link slides in its shackle connections and raising the 
shackle arrives in a position when the over-balancing effect of the 
weight is overcome by the weight of the end link, which there- 
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upon drops over the draw hook of the next wagon and the coupling 
is effected. To uncouple, the drawbar link or shockle h is raised 
by suitable mechanical means until it engages the weight which, 
acting in conjunction with the shackle connections on the end link, 
supports the end link in an extended position until it is raised 
from the draw hook, when the end link slides in its shackle con- 
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nections ; the coupling is then allowed to resume its normal posi- 
tion. The oporatmg mechanism comprises an arm 1 for actuating 
the link d through the weight g, and a toothed pinion or sector 
k and rack bar / for actuating the link b, ITie arm i is mounted 
on a cross bear or shaft m which is carried in suitable bearings 
fixed to the wagon and provided with a hand lever n at each end 
at the side of die wagon. The arm t is formed with a concave 
curved part o and a convex curved part f , both of which parts 
engage with an annular groove or reduced part g^ formed at the 
middle of the weight g. When the shaft m is rotated the part o 
strikes the groove g^ of the weight in a tangential manner and 
causes the weight to rise vertically rather than swing about the 
pivotal connections a^ of the link h and therefore slide the rods / 
through the blocks h. This initial vertical motion is particularly 
useful when through the fracture of the drawbar springs, the 
hooks are more adjacent to each other than is normally the case. 
The part p serves to continue lifting the weight until the link d 
has dropped over the hook a». {Accepted \q1h March, 1908). 

Spark Arrester. 27, /jj. yih December, 1907. W. ]. 
Neath, So, Crescent Road, Plumstead, London, S,E. 
The spark-arrester is composed of three cylinders, a, b and c 
placed one within the other in spaced relation. The outer cylinder 
a and the inner cylinder c are fixed to a cone-shaped plate d 
through which passes the upper end of the blast pipe e, while the 
intermediate cylinder b is left free so as to be movable round its 
longitudinal axis- Movement of the intermediate cylinder b may 

advantageously be 
effected directly by 
a handle / working 
in slots formed in 
the outer cylinder 
a and the base of 
the funnel or chim- 
ney g, or indirectly 
in any well known 
<">aUK?^^ t' or approved man- 
^21_-£ — jS ner by a lever suit- 
ably located on the 
footplate of the 
engine. The 
cylinders extend 
shoulder h provided interiorly 
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Upward to near an annular 

of the base of the funnel g and are secured by screws ^. 
A ring-plate g^ is provided at the top of the cylinders to closure 
the annular spaces formed between them. The three cylinders are 
provided with holes t suitable for the size of the engine, each 
cylinder having a lower circumferential row of semi-circular or 
substantially semi-circular holes t^ and being spaced an equal dis- 
tance apart, the distance varying with different areas of funnels. 
In use the cinders strike against the cylinders and fall on the 
cone shaped plate d, from whence they pass through the holes j^ to 
the bottom of the smoke box. {\ccep\ed 26th March^ 1908). 

Electric Lighting of Trains. i,J7J. iSih January, 
1907, C. A. Park atid C, L. Mason, London and North 
IV es tern Railway Carriage Works, Wolverton. 
In order to prevent excess current from being generated in 
eJectric train lighting systems, provision is made for the insertion 
of a resistance into the armature circuit by means of an electro- 
magnet in con- 
nection with the 
main circuit when- 
ever the electro- 
magnet is ener- 
gised by a prede- 
termined maxi- 
mum current 
strength. The 
magnet a is con- 
veniently fixed to 
a standard b, to 
which are pivoted 
lever arms c carry" 
ing armature d. 
Upon a block e is 
fixed one end of a 
brush / whose free 
end normally bears 
upon a contact 
block g. A carbon 
brush h is suitably 
contacting with the 
spark in the known 
is provided for regulat- 
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provided on 
carbon block 
manner. An 



f for the purpose of 
/ and receiving the 
adjustment screw k 



ing the distance of the armature d from the poles of 
the magnet. A pin or stud I projects from the edge of the 
armature and takes beneath the brush /. A casing m encloses the 
parts and is provided with suitable terminals and connections to 
enable the apparatus to effect the following functions best under- 
stood by reference to the diagram figure 4. A resistance r is 
placed in shunt with the switch f g so that the current from 
the armature passing through the windings of the magnet a and 
arriving at the brusn / in the closed position mostly passes there 
through to the contact block g and to the wire 5, although of course 
a very small portion will flow through the resistance r, which before 
was short circuited is now inserted in the armature circuit and 
effects a reduction in the current flow. In order to counteract such 
a contingency as may occur when employing this apparatus in con- 
nection with Stone's system, in which the armature revolves at 
a constant speed, as for exainple when the speed of the train is 
great and the degree of slipping may be excessive, the putting 
in of the resistance acts to increase the voltage of the dynamo as 
well as to reduce the current flow, thus the speed of the dynamo 
is increased and the excessive amount of slip reduced. {Accepted, 
iSth March, 1908). 

Insulated Rail Joints. 24,770, 8th November, igoy. 
Date claimed under Patents Act, jgoi, 8th November, igo6. 
B. Wolhaupter, 2g, West 34th Street, New York City, U.S. A, 
The fish plates 3, 4 have head and foot flanges 6, 7 and inwardly 
projecting base plates 9, which form separate supports for the rail 
ends. A space 10 is left between the adjacent edges of the plates 
9, which is designed to be suitably insulated preferably by the base 
II of the insulating end post 12. The longitudinal edge 13 of eiach 
base plate 9 is arranged in parallelism to and spaced from a 
narrow girder or trussing flange 14 projected inwardly from the 
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lower edge of the foot flange 7 of the directly opposite side plate- 
This narrow girder flange or trussing flange 14 is the portion of 
the metal left by the shearing or casting operating along the 
non-supporting end of the side plate, that is along that end portion 
of the side plate which is not provided with a base plate for a rail 
end. By reason of this construction the flange portion 14 of each 
side plate forms a narrow continuation of the base plate and 
reinforces and trusses the latter. When the side joint plates are 
applied and the several joint bolts 15 tightened, a well defined 
space is left between the longitudinal edge 13 of each base plate 
and the directly opposite girder flange 14 of the opposite side 
plate. This space ordinarily provides an air gap of suflTicient 
width to secure proper insulation at this point in the base structure 
of the joint. The joint bolts 15 may be insulated by employing 
the flanged or headed insulating bushing 16 fitted in the bolt 
holes 17 of the plates 3 and 4, and whose flanges or heads are 
interposed between the heads and nuts of the bolts and the outer 
faces of the side plates. To complete the general insulation of 
the joint, continuous side insulating sheets 18 are interposed 
between the sides of the rails and the rail adjoining faces of the 
joint plates 3 and 4. Instead of the continuous sheets 18 shorter 
sheets 20 may be arranged to extend just over the insulation 22 
between the ends of the rails. Fig. 4 and 5, and also to extend 
as indicated at 24 into the space between the flange 14 and the 
edge 13 of the base plate 9. {Accepted ^th March, 1908.) 

Re-railing Ramps. 18,449. ^5^^ August, 1907. A. 
P. Turner, i^, Friars Road, Ipswich, and F. W. W. Pick- 
ance, 16, Aspland Road, Norwich. 

The ramps d and e are formed of pressed steel or other 
suitable material, or iron plates, long enough to take a bearing 
on two sleepers b, and constructed so as to be fixed one against 
the outside of the outer rail, and one against the inner side 
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of the opposite rail, each ramp having a projecting portion d^ c^ 
on the side nearest to the rails a, which fits into the recess be- 
tween the top and bottom flanges, and is continued in the form 
of a dowell or key projecting from the pointed end of the 
ramp the dowell or key e^ being inserted into the cavity of the 
rail chair in place of the ordinary wood key, and thus firmly 
securing the ramp in position, without placing any obstruction 
on the rail surface, and thus the whole or any part of the train 
may be drawn or propelled over the metals to which the ramps 
are fixed, the inclined surface of the ramp terminating close up 
and flush with the top surface of the permanent rail as shown 




1 r ^ 

at the right hand side of Figure 2. The inside ramp d is secured 
in a like manner by the projecting dowell or key d^ fitting into 
the cavity of a temporary clip / similar to a rail chair reversed, 
which is brought under 'the rail and placed as near as possible 
to the fixed ordinar>' chair c. An ordinary rail chair reversed 
could be used for this purpose if necessar>'. The inclined surface 
of the ramp d when in position does not reach up to the top 
of rail by a distance slightly less than the depth of a wheel 
flange, as shown at the left hand side of Figure 2. If additional 
security be desired the free ends of the ramps may be held in 
position by anchor stays g.— {Accepted 5//1 March, 1908). 

Point Mechanism. 1 5^959- nth July^ 190J. Siemens 
Brothers and Co,^ Ltd,, 12, Queen Anne*s Gate, Westminster, 
and W, Bourne, 4, Church View, Didcot^ Berkshire. 
This invention consists in an arrangement in point moving and 
locking mechanism, whereby the points are moved during a por- 
tion only of the revolution of the operating shaft, and are at rest 
whilst the locking plunger is withdrawn or inserted in the 
stretcher box. A cam b is keyed to the operating shaft a and 
revolves between the arms Z^ P of a lever I central at P. The con- 
necting rod d is pivoted at e on the bisecting line of the cam and 
transmits the motion of the crank arm a—e to the plunger / 




fWt*ftt'i Cuaineer /5969/oy 

through suitable bell cranks g, h. The arm 1 of the lever / is 
connected with the points by the link fe. The position of the parts 
being that shown in Fig. 1, when the shaft a is rotated in the 
direction of the arrow the crank arm a — e moves the plunger / 
so as to withdraw it from the stretcher bar, but no movement of 
the lever I occurs because the edge m of the cam 6 is a circular 
arc, the centre of which is in the axis of the shaft a. By the time 
the plunger has been fully withdrawn the edge m has left the arm 
/i of the fork against which it was moving and the corner n has 
come against the arm P. The lever I is now moved to bring the 
points into their other extreme position the plunger / being mean- 
while moved still further from the stretcher bar and returned 
through the same distance. The position of the parts is now that 
shown in Fig. 3, where the radial surface m is beginning to move 



against the arm P. The lever now makes no further movement, 
but the plunger / is returned into locking position, the final posi- 
tion of the parts being that shown in Fig. 2. (Accepted 5/fc 
March, 1908.) 

Point Mechanism. 26,362, 28th November, 1907. 
A, G, Kershaw, and Saxhy and Farmer, Ltd,^ $j, Victoria 
Street, Westminster. 

This apparatus consists of a rotary cam 7 carried by, or acting on, 
a stretcher bar and adapted to act on one or other of a pair oif 
rollers 12, i2» mounted on pivots fixed to the permanent way, the 
cam being so arranged that it moves or travels bodily with and in 
the same direction as the points, and that its operating con- 




nection 

which 

a very 



also moves in the same direction as that in 
the points move. This arrangement results in 
consiaerable reduction of working friction compared 
with known arrangements. The cam 7 is carried on a radial ann 
5 and is pivoted on a pin 8 which passes through slots 8* in the 
stretcher bar. One end of each face 10, 10* is formed as a cir- 
cular arc struck from the centre of the pivot 8 as shown at lo^ 10^, 
the other ends of such faces being concavely formed as shown at 
II, ii». The cam is operated, or rotated, by the movement of the 
connecting link 13, one end of which is pivotally connected at 
14 to the cam 7, the other end of such link i^ being connected, for 
instance, to crank 15. This crank 15 receives motion from the 
lever in the signal, either through a direct rod connection, or 
through a rod such as 16 connected to and moved directly by the 
movements of a safety bar or facing point lock- Although it is 
preferred to mount or carry the cam 7 in a radial arm such as 5, 
and thus relieve the stretcher bar of the side strain, yet such an 
arrangement is not absolutely essential. In another arrangement 
of the apparatus the radial arm 5 is omitted, and instead of carry^- 
ing the cam 7 on an arm, as in Fig. 1, the cam is pivotally 
mounted on the stretcher bar itself. (Accepted sth March, 1908.) 

Electrically Operated Signals. 9,962. 2gth April, 
igoy. The British Thomson^Houston Co,, Ltd,, 8j, Cannon 
Street, London (a communication from the General Electric 
Co., Schenectady, New York, U,S,A,), 

This invention relates to semaphore signals in which the operat- 
ing mechanism and electric motor are enclosed in a casing sur- 
rounding the semaphore shaft. The motor B is provided with 
an electric brake C, the coil of which is connected in series with 
the motor. The parts are shown in the positions which they occupy 
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when the motor is in the act of driving the semaphore arm from 
danfi^er to clear, so that the brake-coil C is shown energised, 
attracting its armature C^, and holding it away from the brake 
disc D on the motor shaft. When the motor circuit is broken the 
armature C^ is released and is pressed by its springs into engage- 
ment with the brake disc D. Consequently, whenever the motor is 
de-energised, all parts that are geared to it are held fast by the 
brake. The motor shaft carries a pinion which engages a gear 
on an intermediate shaft E. This shaft is journalled in a stud or 
boss formed in the wall of the casing itself, and carries a pinion 
at its end outside the casing. This pinion engages a gear on a 
second intermediate shaft E^, which is similarly journalled in the 
wail of the casing and carries a pinion inside the casing. A gear- 
case F covers the gear and pinion outside the casing, and protects 
them from the weather. For controlling the motor B and the 
magnets K, contacts M are mounted on the shaft H. A sleeve 
O is placed on the shaft H carrying contacts P co-operating with 
the contacts M on the shaft. To prevent rotatipii of the sleeve, 
which carries the contact M, an arm Q is provided which engages 
the casing. For the purpose an arm R projecting from the casing 
is provided with a socket into which a pin on the end of the arm 

•enters. By means of this construction the necessity for supporting 
standards or brackets inside the casing is avoided, and the size 
and cast of the signal reduced. TTie pinion on the intermediate 
shaft E* engages gear-teeth on the periphery of a drive-wheel G, 

which is loosely mounted on the shaft H, which is journalled in 
a boss HMn the wall of the casing and carries the signal arm I 
and its counter- weight or spectacle casting I^. For driving the 
signal to clear position the drive wheel G is clutched to the shaft 
H by a slot mechanjsm comprising a locking piece J adapted to 
f engage protecting studs G^ at the periphery of the drive-wheel, 
controlled by the actuating magnets K by means of a bell-crank 
lever L, which is pivoted on an arm L^ fast to the shaft H, and 
which carries at the end of its short-arm an armature K* for the 
magnets K» and at the end of the short-arm is connected to the 
locking piece J. When armature K^ is attracted by the magnets K 
the lockmg piece J is thrust outward into the path of the studs 

•G^, one of which is shown in engagement with the driving piece, 
so as to drive the shaft H. When the magnets are de-energised 
the armature K^ falls away withdrawing the locking piece J, so as 
to disengage the shaft from the drive- wheel, and to allow the 
signal to go to danger. A dash-pot N is provided for retarding 
the movement of the signal when it is carried to danger by its 
counter-weight. In order to prevent the signal-arm from being 
carried to clear position from any cause, except when the motor 
is operating, a spring-pressed pawl Q^ is provided on the shaft H 
and ratchet-teeth on the hub of the drive-wheel G adapted to be 

• engaged by the pawl. When the motor is operating to drive the 
*iignal to clear, as shown in the drawings the rotation of the 
drive-wheel G for this purpose being counter-clockwise, as viewed 
in Fig. 2, the ratchet and pawl are inoperative, since they are 
carried along together by the engagement between the locking 
piece J and a stud G^ on the drive-wheel. When the slot magnets K 
are de-energised to allow the signal to go to the danger the pawl 
and ratchet device still remains inoperative, since the rotation of 
the shaft, when the signal is moved toward danger position, is 
clockwise as viewed in Fig. 2, so that the pawl Q^ slips idly 
over the ratchet-teeth. But as soon as the signal reaches danger 
poition it is locked there by the pawl Q*, which prevents any move- 
ment of the semaphore-arm relative to the drive-wheel in the 
opposite direction, while the drive-wheel is prevented from all 
movement whatever by the brake on the motor shaft, which is now 
released by its coil. Consequently the semaphore-arm is locked 
a; danger position, and cannot be moved to clear until the motor 
is energised to drive it, at which time the brake coil C is 
energised and the drive wheel G driven by the motor. {Accepted 
12th March, 190^.) 

Carriage Windows. 12, $68. 30th May, igoy. R. T, 
Preston, of J, Stone and Co,, Ltd., Deptford, London, and 
A. A, Mead, Aldersyde, Lansdown Road, Lee, Kent. 
llie sash i, which is guided in grooves in the stiles of the carriage 
door, is supported on and balanced by a lazytongs device below it, 
consistmg of two links 3 and 4 jointed at their upper chds to the 
bottom rail of the sash and cros.sing each other, these links being 
nt their lower ends attached each to one part 5 of a fusee spring 
box, while the other part 6 of the box is attached to the upper 
end of links 7 and 8, which at their lower ends are jointed to the 
door 2. The fusee spring is so titted as to force the two parts 5 
and 6 of the box from each other so that the centres of the two 
boxes tend to approach each other, that is to say, to raise the 
s^irh I or to balance its weight or more or less so. Or. as an 
alternative arrangement, the s.Msh may be hung in metal bands 
or chains, passing round .ind fixed at one end to fusee s|)ring 



boxes mounted one at each side of the door frame in the corner 
above or, at least, preferably not below the sash, and at the other 
end attached to the sash, the springs balancing the sash or nearly 
so. For raising and lowering the window a steep-threaded screw 
spindle 10 is mounted horizontally in bearings on the door, pre- 
ferably ball bearings, where the balls 1 1 are placed at one end in 
a socket 12, forming part of the ball race, and at the other end 
in a screwed socket 13, forming part of the ball race which socket 
is suitably screwed so as to permit of adjustment, and locked by 
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means of a locked nut 20. The other part of the ball bearing is 
made in one with a pinion 14 fixed on one end of the screw spindle 
TO, which at its other end has mounted thereon the pinion 23. 
These pinions 14 and 23 gear each with a toothed rack 15 on the 
sash I. A nut 16 formed with a handle 17 engages with the screw 
10, and will, when pushed in one direction or the other, raise or 
lower the sash, the nut being guided by the shank of its handle 17 
in a slot or chase 18 in a sheet metal casing 19 which cover the 
screw and the pinions and is fastened on the carriage door. Or 
the nut may be made to embrace merely one half of the screw 
spindle. ( Accepted 12th March, 1908.) 

COMPLETE SPECIFICATIONS ACCEPTED. 
1906. 

19378A. Electrical signalling apparatus for use on and in connec- 
tion with railway locomotive engines and the like. Bounevialle. 

2q398. Apparatus for recording the time of signals on railways and 
the like Hewitt. 

1907. 

'373' Electric lighting of railway and other vehicles. Park and 
Mason. 

1596. Electrically-operated switches specially applicable to railway 
and other vehicles. Park and Mason. 

6'35' Signalling systems for railways and the like. British Thom- 
son-Houston Co. 

6992. Electric railway signalling apparatus. Notarianni. 

7138. Brake mechanism for railway wagons and the like. Rijey, 
Spiers and Sirettell. 

9324. Railway signals and gates. Combs and Combs. 

9962. Electrically operated signals. British Thomson-Houston Co. 

10087. Railway sleepers and means for attaching: rails thereto. 
Willis. 

10883. Hand-operated brake-g[ear for railway waggons. Hill. 

12435. Apparatus for actuating signals on railway engines and 
the like from the track. Carr. 

12568. Railway carriage windows and the like. Preston and 
Mead. 

13859. Means for excluding water or the like from the windows of 
railway carriages, motor and other road vehicles, ships and other pur- 
poses. Li Maitre. 

15636. Automatically-operated station indicators for electric rail- 
ways. Daley and Daley. 

15826. Atmospheric blower for locomotive engines and the like. 
Goldie. 

I5959" Mechanism for moving and locking railway or like points. 
Sieniens Bros, and Co. and Bourne. 

18449. Ramps for re-railing rolling stock, locomotive engines, or 
tenders, on all railroads constructed with chairs. Turner and Pickance. 
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18836. Railway rail joints and ties or sleepers. Hindman. 

.19030, Railway fog-signalling or the like. Angeloff. 

19466. Spark arresters. Lamb. 

2 1 198. Railway signals. Johnston. 

22053. Dust shield for axle-boxes for railway vehicles and the like. 
Lei sh man 

24016. Means for operating the sliding doors of hopper wagons. 
Ullmann. 

24770. Insulated railway rail joints. Wolhaupter. 

25819. Supporting guides or antifriction rollers for the operating 
rods of railway switch points and the like. Dunkerton and Saxby and 
Farmer, Ltd. 

26362. Apparatus for working and locking railway and like switch 
points. Kcisliaw and Saxby and Farmer, Ltd. 

27*33' Spark-arrester and draught-regulator for locomotives and 
like engines. Neath. 

28202. Railway rail joints. Steele. 

1908. 

493. Coupling for railway coaches, wagon, and the like. Lowry. 



Official Reports on Recent Accidents. 

ATear Wimbledon, L. & S. W.R. On the 23rd fanuary Major J, \V, 
PringU reports that : — 

The 4.18 p.m. slow train (engine and eight 8-whecled coaches) from 
Leatherhead to Waterloo, was run into during a dense fog by the 
following train (engine, tender, and 12 vehicle.-* fitted with vucuum 
brake), the 1.55 p.m. from Southampton. The first train was driven 
forward about 20 yards. The adjacent ends of third and fourth 
vehicles on the Southampton train were smashed in. The guard and 
24 passengers were injured. 



in the up slow line where the up through line terminates. The facing 
points in the up slow line leading to the up loop line are just bevftrd 
Ko. 31 points whirh lie normally for the up blow line, and when ihry 
are pulled over for the up through road. 

It is impossible to interlock the points No. 3! with the point* both 
of the down slow line, and with tho'*© of the iroi^iog from thp down 
fast to down slow line, because if the latter were inlerlockrd with 
No. 31 it would be impossible to use the main creasing from up slow 
to up fast line (which requires the down fast to down sluw crosslng^ to 
be pulled over first) at the same lime as the down slow line. 

The distance from No. 31 points to the diamond crossing of the 
down slow line and up through line is 45 yardb, and to the diamortf 
crossing of the up slow line and down fast to down slow ronnetlion i» 
35 yards. 

\ light engine arrived on the up slow line at Ribble Siding* «igfna(- 
box at 7.53 a.m. where it had to be crossed on to the up fast line m 
the sidings at Faringion are connected to that line. 

Signalman Wilding could not at once let the engine on to the up 
fast line as several express trains were due to run on that line, and the 
up slow line was required for the Fleetwood boat express, to London. 
.Xccordingly Wildmg determined to shunt the light engine back on to the 
up through line until he could gel the up fant line clear for it, s<i he 
sent the engine to No. 31 points, which he re\erspd, although he knew 
that by doing so he set the road so that the light engine could *et 
back foul of the passenger train then approaching on the down s!ow 
line, and driver Heyes considering that the verbal instructions given 
him by Wilding were sufficient authority for him to set back wilhoui 
receiving a hand signal, at once reversed his engine and set batk to- 
wards the up through line, and did not see the pnssf»nger train in 
time to prevent a collision at the diamond crossing of the down s!o\v 
line and up through line, the distance he had to travel being only 45 
yards. The approach of the passenger train was obscured from No. 3^ 
points by an engine and van at the dead end of the up loop line. 
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The site of this collision is shown on the diagram. 

This collision was due to driver Bartlett, who, although warned 
by a detonator that the distant signal for the up through line at 
Raynes Park was at danger, failed to reduce his speed in accordance 
with the general rules, and consequently did not observe the danger 
position of the home, starting, and advanced starting signals. Although 
the main responsibility falls upon his shoulders, it is diflicult to find 
adequate excuses for the failure of guards Francis and Barlow, to 
take some action to check the speed of the train, after the detonation 
which they all heard at the distant signal post. Francis admits that 
he saw fogman Gray*s red hand light, and he should have recognised 
that the speed of the train was not being reduced to the extent required 
by the rules. It is possible that Bartlett, fireman Tribbick, and 
Francis, by reason of their positions at the head of the train, might 
not have recognised the two additional detonations fired by fogman 
Bates as danger signals applicable to their train. But Barlow, who 
rode in the centre of the train, if he had been alert, should surely 
have recognised the additional explosions as taking place under his 
train, in which case he ought to have acted in accordance with Rule 
177 (h) and applied the brake. 

Bartlett had been on duty about 5 hours, and had previously been 
off duty for about 12 hours. He has a good character and record for 
15 years. 

Near Preston, L. & Y. & L. & N. W. Joint R. On the 4th February, 
U.'CoL E, Druitt, R. E„ reports that :— 

The L. and N.W. 6.5 a.m. passenger train from Liverpool was run 
into by a light 6-coupled tender engine. Seven passengers were injured. 

Between No. i box at the south end of Preston Station and Ribble 
Sidings box, a distance of 579 yards further south, the lines run north 
and south, the up lines being on the east side of their respective down 
lines. The lines are, from east to west, up and down fast, up and down 
slow, and up and down through, a shunting line and sidings. 

A little to the north of Ribble Sidings signal-box there are connections 
leading from the up through line to the up slow line, and from the down 
slow line to the down through line. 

Just opposite the signal-box there are connections leading from the 
up slow to the up fast line, and from the down fast to the down slow 
line. 

To the south of the signal-box the fast lines are still on the east 
side, but then come the up slow and up loop, and then the down slow 
and down loop, so that the continuation of the up through line leading 
to the up slow and to the up loop line crosses the down slow line. 

The points known as No. 31 in the evidencs are the trailing points 



It is iinpossible owing to the condition of traffic at the signal-box 
to lock No. 31 points with the other crossing points so as to protect 
both the down slow line and the connection from the down fast tn the 
down slow line in the case of any engine improperly setting back through 
No. 31 points, but in this case there was no necessity for Wilding to pull 
over No. 31 points until after the passenger train had gone clear. 

The movement he proposed to make with the engine was not a 
proper one, and has now been prohibited. 

Wilding as a rule is the second man in charge of the Ribble Sidings 
signal-box, but as his mate was sick he was acting as signalman in 
charge at the time of the mishap. He had been at this signal-box 7 01 
8 years. He had been on duty for just under 2 hours after an lnt^rvai 
of 16 hours. 

» 

Near Huddersfield, L. & N.W.R. On the ijth fanuary, U.-CoL B^ 
Druitt, R,E,, reports that :— 

The 3.2 p.m. L. and Y. passenger train (engine and 3 bogie 
coaches fitted with vacuum brake) from Huddersfield ran into the rear 
of the 1.55 p.m. L. and N.-W. fast passenger train from Manchester. 

The two rear vehicles of the L. and N.-W. train and the engine of 
the L. and Y. train were derailed; 14 passengers, both the drivers, the 
L. and Y. fireman, and the L. and N.W. guard were injured. 

When the L. and N.W. train left Huddersfield at 2.55 p.m. it dto- 
ceeded to the home signal at Hillhouse No. i, which was found to 
be at danger, so the driver S. Haley states he whistled, and after 
waiting at it for a few minutes sent his fireman, W. Irwin, to the 
signal-box a distance of 211 yards ahead to remind the signalman in 
accordance with Rule 55. Just as Irwin reached the signal-^box he 
heard his engine give a short whistle, and saw the train coming on, 
so he did not then go into the signal-box. The L. aod N.W. train 
had been standing some four or five minutes at the home signal and 
had not been noticed by the signalman in Hillhouse No. i box as it 
was foggy at the time, and a train shunting on the goods line adjoin* 
ing the box had apparently prevented Kirkbright hearing the passengei 
train whistling. According to his own statement he had no reason to 
expect a train to be waiting as he says he only got '* Entering section " 
signal at 3.4 p.m., when he at once offered the train to the box in 
advance, and it being accepted, he at once lowered all his signals for it. 

As soon as the home signal was lowered, the driver drew forward 
slowly towards the signal-box to pick up his fireman, and just as he 
reached it his train was run into from behind by the L. and Y. train, 
which was thus running with all signals off for it. The evidence of the 
signalmen concerned is conflicting, the collision being due to a mistake- 
on the part of one of them. 
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On Chequerbent Inclitu, L, and N.W.R.—At Guishorottgh fum- 

tion^ N,£,R.^At Coxhoe /unction, N.E,R. 

Among the ** Birthday Honours " were a baronetcy 
conferred on Sir Robt. W. Perks, M. P.. formerly solicitor 
to the Metropolitan Railway, and subsequently chairman of 
the Met.-District Railway; a K.C.M.G. for Mr. T. K. Price, 
late general manager of the Central South African Railways, 
and formerly of the Cape Government Railways; and a peer- 
age for Mr. J. W. Philipps, M.P., chairman of the Buenos 
Avres and Pacific and other South American Railways, and 
who has decided to adopt the title of Lord St. Davids. 

Col. John R, Wrignt, deputy-chairman, has been ejected 
chairman of the Port Talbot Railway and Docks in place of 
the iLarl ot Uunraven, who has resigned the position as 
he yas not able to give the necessary time to the affairs of 
the Company, 

Sir Philip F, Rose, Bart., for many years solicitor to the 
London, Brighton and South-Coast Railway, is retiring from 
practice, and has been elected a director of the company in 
suqcesslon to the late Mr. Wm. Mil our n, and his son, 
Mr. P. Vivian Rose, has been appointed to succeed him 
as solicitor to the company. 

Mr. John H, B.Noble, of Jesmond, Newcastle-on-Tyne, 
has been elected a director of the North-Eastcm Railway. 

Major J C. W. Madden has been elected a director of 
the Great Northern Railway of Ireland. 

Coi. A. J. Filgate, R.E.,has been elected a director of 
the Rohilkund and Kumaon Railway. 

Major H. C. Cusack, deputy-chairman of the Midland 
Great Western Railway, has been appointed to represent 
the company on the Board of the Sligo and Arigna Railway 



and Mining Co., the Bill for the construction of which is 
passing through Parliament unopposed. 

Mr. J. Stiaw, resident engineer of the Mersey Railway, 
has been appointed general manager, and Mr. R. Bowman 
Smith, the present traffic manager, has resigned, but his ser- 
vices will be retained until the end of the year. 

Mr. E. T. Lawrence, secretary of the Midland and 
South- Western Junction Railway, has been appointed secre- 
tary of the Barry Railway in succession to Mr. W. Mein, 
who has resigned on account of age. 

Mr. Robt, Brown has been appointed goods superinten- 
dent of the Caledonian Railway at South Side Station, 
Glasgow. 

Major Lincoln Sandwith, formerly of the 8th Hussars, 
and who commanded the 15th Battalion of the Imperial 
Yeomanry in the South African War, has been appointed 
superintendent of police of the Midland Railway. 

Mr. Alex. Black, coaching plant inspector, Caledonian 
Railway, has been appointed assistant station superinten- 
dent in succession to Mr. Newlands. 

We regret to record that Mr. W. R. Sykes, jun 
managing director of W. R. Sykes' Interlocking Signal Co., 
died on the 12th ultimo, at Swanley, after a short and painful 
illness. Tlie railway world in general and signalling circles in 
particular have lost a member who was highly esteemed. 

¥ 

Rapid-acting Vacuum Brake Trials near Vienna. 
Detailed particulars are just to hand of some further trials 
of the Rapid Acting Vacuum Brake on long goods trains. 
In our June issue we illustrated the details of the brake 
used. The previous highly successful trials to which 
we have referred were made with trains of 75 vehicles, 
and were more in the nature of private trials car- 
ried out by the Austrian State Railway Administra- 
tion with the CO— operation of the Vacuum Brake Co., 
and Messrs. Hardy Bros., the inventors and manufacturers 
in Vienna of the vacuum brake, but the trials on the 24-26 
June last were made with trains of 100 vehicles and were 
attended by a large and distinguished gathering of Austrian 
military officers, military attaches, and railway engineers 
from all parts of Europe. The trials took place on the 
Ziersdorf-Absdorf and Absdorf-Hadersdorf sections of the 
Austrian State Railways. Applications, both service and 
emergency, were made at speed, and there were five obser- 
vation points on the train but only in four instances were 
** jerks** recorded, and only in one an ** oscillation "; all 
the other observations were ** smooth.'* 

We may add that the complete and elaborate records of the 
former trials have been translated and issued by the Vacuum 
Brake Co., and should be very useful. 

Railway Shareholders' Association. 
We have received the official report of the first Railway 
Shareholders' Conference, held on the 8th ultimo. It may 
be obtained at the offices of the Association, 20 CopthaU 
Avenue, E.C. Price 6d. It contains much that is worth 
reading and to which we shall refer on a future occasion. 

Economising Engine Oil. 

So far as we can see the Railway Shareholders' Associa- 
tion is a kind of omnium gatherum of amateur critics of our 
railway management and would-be railway directors. But 
at the late Conference Mr. R. Bell, M.P., made statements 
which certainly ought to be explained or contradicted by the 
chairman of the railway referred to. Mr. Bell says that one 
railway has recently appointed an ** oil inspector," and that 
this official, to justify his appointment has ** taken two pints 
[of oil] off each of a certain number of engines," with the 
result that nearly aJl these engines have had to be taken off 
their trains before reaching their destinations and sent to 
the shops. He further says that an express engine costs 
;;^3,ooo, and this is risked for 3d. worth of oil, and the 
engine is damaged to the extent of hundreds of pounds. He 
knows of five express engines that were taken off in succes- 
sion for this reason. Mr. Bell also made a lot of other less ^ 
vague statements of a similar nature and^ which he said v^ 
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he could prove, but until he indicates the railway they can* 
not be enquired into. The use Mr. Bdl proposes to make of 
the Association is evident. 

Useful Diagrams for Railway Engineers and Others. 
We have made arrangements to publish five diagrams by 
Mr. J. D. Twinberrow, Assoc.M.Inst.C.E., M. I.Mech.E., 
which will be of great service to draughtsmen, designers 
of rolling stock and other engineers. The diagrams have 
been prepared to facilitate the correct solution to problems 
of frequent recurrence, which otherwise can only be attained 
by more or elss tedious calculation. The results are plotted 
in the form of curves on squared paper, but the scales of 
the ordinates and of the abscissae are arranged to develop 
the curves in the form of straight lines radiating from a 
common origin at different angles ; this ensures accuracy 
in the plotting and great ease in reading off the required 
results. The diagrams are as follows : — 

Versed Sines of Chords of Curves — The distance 
between the chord and the arc of curvature, or the throw- 
over of headstocks and the draw-in of the centres of long 
vehicles, are read off for lengths up to 80ft. and on curves 
up to 3,500ft. radius. 

Proportions of Laminated Springs. — The number, 
width and thickness of plates to carry any given load on 
any length of spring, together with the resulting deflection, 
are read off to suit either locomotive, carriage or wagon 
practice. 

Proportions of Helical Springs.— The size of round 
or of square spring steel required to carry any given load 
with any radius of coil, together with the resulting deflection, 
is read off. Separate diagrams are given for springs made 
from light wire and from heavy bar steel respectively. 

Proportions of Axles with Outside Journals. — 
The correct diameter at any point in the length of the axle 
to suit any given load is readily ascertained. '1 he length 
and diameter of journal and the width of bearing to suit 
the load is also given. The results may be read either lor 
express passenger or for ordinary goods train working. 

Proportions of Axles with Inside Journals.-- 
Similar particulars to the foregoing are here ascertained to 
suit the condition of carrying axles with the journals ar- 
ranged on the inner side of the wheel bosses. 

Prevention of Corrosion of Iron and Steel. 
In the transept of the Palace of Machinery at the Franco- 
Biitish Exhibition, in the centre of the Shipping Sec- 
tion, Messrs. Wailes, Dove and Co., Ltd., Newcastle-on-Tyne, 
are showing their well-known patent **Bitumastic** enamels, 
coverings and solution, for the prevention of corrosion in 
iron and steel, and the protection and preservation of wood. 
On their stand, No. 337, is shown a model of a midship's 
section of a vessel, also a model workshop with smoke 
stacks, etc., all coated with their different ** Bitumastic ** 
specialities. These are all well worth the careful examination 
of all who are interested in the important question of corro- 
sion, more especially as the firm claim that ** Bitumastic *' 
holds the world's record as an anti-corrosive protector. 

Wailes, Dove and Co. devote themselves entirely to the 
manufacture of ** Bitumastic,*' which has been used on the 
largest liners afloat like the **Mauretania*' and **Lusitania,** 
and is equally suitable for the protection of all valuable 
structures and plant on land, such as Bridges, Water Tanks, 
Pithead Gear, Refrigerating Plant, Roofs of Buildings, etc. 
It is interesting in this connection to note that at Genoa in 
1905, Milan 1906, Savona 1906, and Bordeaux 1907, Wailes, 
Dove and Co. were awarded Gold Medals and First Class 
Diplomas of Merit. 

Kearney^s High-speed Railway. 

We recently had an opportunity of seeing a model 
of the Kearney High-Speed Electric Railway. The track 
was about 200ft. long. The cars run on a single rail. 
There is also a guide rail above the car, so that derailment 
would be impossible unless something gave way. The centre 



of gravity is kept low by building the motors in the wheels. 
Vast economies arc claimed for the system. Tube railways 
would be built like *' switchbacks,** with the stations close 
to the surface, lifts being unnecessary. The line would dive 
at I in 7 to a depth of about looft., and rise again to the 
next station. The tubes would be single except at the 
stations where the trains would pass. The proposed speed 
is 50 miles an hour. F"or surface railways the rails would be 
carried on steel J frames, double lines being used and 
.speeds of 120 miles an hour obtained. Mr. Kearney hopes 
to get his system adopted on the North-West London lube, 
and states that were this done the line could be built for 
^^120,000. We have mentioned the salient features of the 
system, and the main points of the model, which, of course, 
suffers from the disadvantages which are inseparable from 
all small models of rolling stock. Further particulars may 
be obtained of the Secretary of the Co., 17, Old Queen 
Street, Westminster, S.W. 

China-Clay. 

Mr. Justice Eve has decided that China Clay is a mineral 
within the meaning of sec. ^^ of the Railway Clauses Con- 
solidation Act, 1845. 

Notice of Removal. 

Messrs. C. .A. Peters, Ltd., of Derby, manufacturers of 
* * Carbolincum Avenarius ** and other preservative com- 
positions, notify us that they have removed their London 
Offices to 116, Newgate Street, E.C. 

Furness Railway. 

In connection with their exhibit at the Franco-British 
the Furness R. Co. have issued the programme of their cir- 
cular tours through English Lake-land. The programme is 
artistically prepared, 20 circular tours being illustrated. 



Siegwart'8 Machine for Making Reinforced Concrete, 
Poles, Pipes, Piles, &o. 

Co.vsTRucTiONAL members of reinforced concrete have hither- 
to generally been solid and such things as piles formed in 
externals moulds. It naturally follows that in the process ol 
making the reinforcing bars may get displaced and subject- 
ing the concrete to pressure may distort them, and such distor- 
tion might seriously affect the strength of the member when 
subsequently the working load comes on it. 

With the object of doing away with these troubles and 
facilitating the making ol tubular reinforced concrete a 
Steel and Concrete Weaving Machine has been invented by 
Mr. Siegwart and was shown at work at Messrs. Cubitt*s 
Works in the Gray's Inn Road, W.C, on the 27th ult. 

In Mr. Siegwart 's process no external mould is used, but 
the reinforcing bars are laid externally along an internal 
hollow core and the concrete is wound helically round the 
core thus keeping the bars exactly in the desired positions. 
Immediately after the concrete is so woven wires are also 
wound spirally round the outside of the longitudinal rods and 
embedded in the concrete, which is uniformily compressed by 
weighted rollers to an extent impossible by hand ramming, 
thus rendering the whole mass dense, compact and homo- 
geneous. A coil of webbing is wrapped round the concrete 
to keep it in place until it is set. The core, which is 
collapsible, may be removed after 12 hours and the webbing 
after 3 to 4 days. By this process hollow articles of rein- 
forced concrete are made of any length or thickness with 
absolute precision for the following purposes :— 

Poles of all sizes and descriptions for telegraphs, telephones 
and tramways, power transmission and electric lighting 
standards, lamp-posts, railHvay signals, ventilating shafts 
and possibly ships* masts. Pipes of all descriptions for 
sewers, oil pipe lines, gas mains and water mains. Tubular 
members for constructional work, such as bridges, piers, 
or columns for buildings. Piles, either tapering or 
cylindrical. 
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A very fine aggregate of i to 3 in a particularly dry state 
is used. 

The lengths of all these articles are only limited by that 
of the core; up to the present 45 feet is the longest pole 
made in one piece, and it will probably be found that when 
longer poles are required it will be more economical to make 
them in two lengths joined together, as the difficulties of 
transport grow with increased length. The diameter is only 
limited by considerations of weight. Some high pressure 
pipeSi 24ins. diameter, designed to stand iSolb. pressure 
per square inch, will shortly be officially tested. High 
pressure pipes can either be lined with some bituminous 
composition, or the cement used in the concrete first mixed 
with *• Medusa," which is found very effective in rendering 
concrete impermeable. 

Some of the advantages claimed for this new form of manu- 
facture are : — 

Economy on material, because any given factor of safety 
can be accurately provided for, and the quantity of concrete 
and reinforcement exactly proportioned to the requirement, 
consequently there is no waste of material; on labour, as 
the machine requires only one skilled attendant, and the other 
labour is unskilled and employed mostly in handling material 
or moving manufactured articles. Consequently the cost of 
production is very low — less than half that of tubular or 
lattice poles. 

Indestructibility. — The material is practically indestructible 
— for underground work it actually improves with age, whilst 
iron rusts and wood rots. Above ground no painting is 
necessary, and it is proof against white ants, teredo worms, 
and other destroying agencies. 

Mobility. — The machine is semi-portable, and where large 
works are planned it can be erected near a sand deposit or 
fixed on a large barge. 

Further particulars may be had from Messrs. Siegwart, 
Ltd., 1, Great Chapel Street, VVestminster, S.W. 



The Franco-British Exhibition. 

This exhibition as a popular show is great; as a pleasure 
garden for f^tes it is greater, for nothing so good in the 
way of illuminations has ever been seen before ; but in the 
proportion of ** side shows *' and other ingenious devices 
for extracting extra payments it is most probably the greatest 
exhibition ever held. In this last respect we think the line 
should have been drawn somewhere, because to permit an 
extra charge of 6d. for viewing an ordinary commercial 
process like glass making is preposterous. 

The exhibition is now about as complete as it is likely 
to be, and so far as railway appliances are concerned it is 
anything but great — in fact, it contains the poorest display 
ever got together—and when one calls to mind the mag- 
nificent collections of rolling stock and other railway appli- 
ances that were shown at Paris, Liege and Milan, that at 
the Franco-British is positively depressing to contemplate. 
Apparently railway companies could not afford to do more 
than provide space for the wants of their publicity depart- 
ments. The ghastly prices demanded for the pitches no 
doubt account for the large vacant spaces in the transept 
of the Machinery Palace, and which make the railway stands 
somewhat like oases. And as now arranged the shows are 
distinctly out of place. 

There are, however, some exceptions. The Best railway 
exhibit, from our point of view, is that of the South Eastern 
and Chatham R. Co., and which we have dealt more fully 
with on subsequent pages. The London and North Western 
and the Caledonian Cos. have jointly the best and most 
central position, and their exhibit is undoubtedly the most 
popular and is in all ways excellent. The most effective 
Item is a model of a station with a passenger train and a 
long pfoods train, which continually performs shunting 
operations. All the movements of the trains and signals 
are governed from the signal-box, and are, of course, made 
by the agency of electricity. The model was made by 



Hassett-Lowke and Co., of Northampton, and it is correct 
in every detail, nearly every type of vehicle in use on the 
North vVestern system being represented, besides engines 
of the ** Experiment '* and 8-coupled goods classes. L^rge 
models of the King*s saloon and also of the old coach 
*' Experience,** two or three smaller working models of 
locomotives, a quarter size locking frame on the ** Crewe *' 
(all-electric) system rnd models of the '* Hibernia ** and 
** Rathmore ** are also shown, besides sections of old and 
present permanent-way. Large framed views of ** beauty 
s|>ots ** and picture post cards, as well as the beautiful 
guide booklets (which the xN'orth Western do so well), are 
much in evidence, but they are not the staple of the show. 
Not the least interesting item are several original letters of 
George Stephenson, printed copies of which, in English 
and French, are given away, and form an interesting 
souvenir. 

The C de /. du Nord show two small power locking 
flames, one on the Bianchi-Servettaz system and the 
other on the new M.D.M. system; also some full- 
sized signals, block instruments, a ticket printing and issuing 
machine, and, with the help of a set of full-sized London and 
North Western points, a contact block for a cab-signal. 
1 here are also some North Western signals on this stand, so 
that the English and French patterns may be compared. 

The Metropolitan R. Co. show an old carriage converted 
into a motor carriage tor electric traction. Ihe object of 
exhibiting this conversion is, we presume, to show how 
much money might have been saved if the old steam stock 
had been utilized instead of being sold at little better than 
scrap prices and new bought in its place. The ways of 
* * electrifiers ** are generally curious and always costly. 

There are several other exhibits by railway companies, 
but they are all much alike — a back ground of framed 
** beauty spots,*' an occasional model of an engine or cross- 
channel steamboat, and a counter for post cards, adventitious 
literature and handbills. Of these shows, that of the North 
Eastern R. appears to cover the largest area — like the big 
drum in a band. Its pi^ce de resistance, a painting of an 
express train in full blast, should be raised to the top of the 
screen; it requires distance. 

In the quadrangle of the ** Palace of Machinery*' the 
Canadian Pacific and Grand Trunk Cos. have each a kiosk, 
externally very ornamental, but inside there is not much 
but guide pamphlets and such like literature. 

Knowing as we do what the private builders of rolling 
stock in this country could have shown had they seen their 
way to do so, it is much to be regretted that they are all 
conspicuous by their absence. The firm which boasts — quite 
truly — that it is the largest locomotive building concern in 
Europe contents itself with showing a large model. 

Only one branch of mechanical engineering is fully 
represented and that is heavy steel making, magnificent 
displays being made by Vickers, Sons and Maxim, Ltd., Wm. 
Beadmore and Co., Ltd., and most of the other large firms. 
At these stands ** component parts ** of locomotives and 
other machines, guns, armour and boiler plates may be seen 
in the rough, finished, and tested to destruction. 

There is also a grand display of models of all kinds of ships 
on view. 

In both the French and British aisles of the Palace of 
Machinery there are some good displays of machine tools, 
that of Alfred Herbert and Co., of Coventry, being by 
far the best. Their turret lathes, milling machines, chucks 
and other tools are of the latest designs, finest workmanship, 
and are representative of the best modern British practice. 

Hethringtons and J. Buckton and Co. show heavier tools 
and some of the other firms show tools which are neither 
Franco or British. 

Of all the machinery unconnected with railways, per- 
haps the finest and most interesting is in the kiosk of The 
Daily Mat/, in which may be seen in operation all the machines 
used in the production of a daily paper; the entire process 
shown except the manufacture of the ** Copy.*' 
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Notes on Locomotives. 

In our last issue we mentioned the new mineral engines 
now being delivered to the North Eastern R. by outside 
firms. These engines are thoroughly representative of the 
modern British all-coupled six-wheeled engine, in which 
great boiler power is the desideratum. 

The particular engines in question, having been designed 
for hauling trains of mineral wagons only, are not equipped 
With any automatic continuous brake, but have a steam 
brake acthig on both engine and tender, with, of course, 
the hand brake in addition on the tender. 

In general design they are the essence of simplicity. 
The cylinders are between the frames, and have plain slide 
valves placed between their barrels. These are actuated by 
direct-acting Stephenson link motion controlled by lever 
reversing gear. The boiler has a round topped firebox of 
the standard North Eastern type ; the inside firebox is stayed 
to the shell by direct staybolts. 

The principal dimensions are : — 

Cylinders, iS^-in. by 26-in. 

Diameter of wheels, 4-ft. 7l-in 

Rigid wheel-base, i6-ft. 6-in. 

Working pressure, 180-lbs. per sq. in. 

Boiler, barrel diameter, 5-ft. 6-in. by 10-ft. 7-in. long. 

Firebox, 7-ft. long. 

Heating surface, tubes, 1,453 sq. ft.; firebox, 136 sq. ft.; 
total, 1*589 sq. ft. 

Grate area, 20 sq. ft. 

Weight in working order, 47 tons 3 cwts. 

Tender, diameter of wheels, 3ft. q^in. 

Tender, tank capacity, 3,100 gallons. 

Tender, weight in working order, 36 tons 11 cwts. 

The Highland R. has recently put into service a new 
and enlarged class of express passenger engines which are 
a considerable advance on the previous engines of the type 
for this line, although they are not comparable with the 
heavy six wheels coupled locomotives at work on the railway. 
These new engines, like all Mr. Peter Drummond's 
designs for express passenger traflRc, have inside cylinder, 
four coupled wheels, and a four-wheeled leading bogie, this 
latter being of the Adams or spring beam type. The valve 
gear is of the Stephenson variety acuta ting plain slide 
valves placed between the cylinders; reversing is by steam 
gear. The springs for the coupled axles are driving coils 
for trailing laminated. The boiler is of the round topped 
type, with the firebox stayed with groups of sling-stays. 
The dimensions are : — 

Cylinders, i8J-in. by 26-in. 

Wheels, coupled, diameter, 6-ft. 

Wheels, bogie, diameter, 3-ft. 6-in. 

Wheelbox, rigid, 9-ft. 

Total, 22-ft. 3-in. 

Working pressure, 180-lbs. per sq. in. 

Boiler, barrel diameter, 5-ft. 3-in. by lo-ft. 6-in. long. 

Firebox, 6-ft. 4-in. long. 

Heating surface, tubes, 1,516 sq. ft.; firebox, 132 sq. ft.; 
total, 1,648 sq. ft. 

Grate area, 20.3 sq. ft. 

Weight in working order, 49 tons 8 cwts. 

Tender, diameter of wheels, 

Tender, tank capacity, 2,180 gallons. 

Tender, weight in working order, 33 tons 8 cwts. 
An experimental engine of great interest is now in course 
of trial on the Northern R. of France. It constitutes an 
entirely new design for this line. It is of the four-cylinder 
compound type, with four coupled wheels placed between 
two four-wheeled bogies, thus forming the 4-4-4 class 
of which only one other representative is to be found, and 
that on the Baden States R. 

Apart from the matter of wheel arrangement, the chief 
feature of interest lies in the boiler, which is of the water- 
tube type at the firebox end. Here it consists of a top 
header or drum connected to bottom headers by vertical 
tubes. The headers are connected to the ordinary barrel 
near the dome by large external circulating pipes. When 
the engine has passed through the experimental stage, we 
hope to deal more fully with this design. 



For some years past the railway authorities of Baden 
have prosecuted a very progressive policy in the matter of 
locomotives, until the position of the modern stock is in the 
front rank of Europe. We have mentioned above the 
4-4-4 type express engines. This, however, has been sup- 
plemented by the ** Pacific ** or 4-6-a type with four 
compound cylinders. Following the practice which seems 
to be a standard of the builders — ^J, Maffei — for passenger 
engines, the frames are of the American or bar pattern, 
the leading and trailing ends being slabs. 

The cylinders are arranged in the ** Central European '* 
manner, namely the high pressure between the frames and 
the low pressure outside, but, unlike this type, the po^^-er 
is distributed over two axles, the leading being the high 
and the intermediate axle the low pressure driver. In order 
to clear the other details plac-ed between the frames above 
the bogie, the high-pressure cylinders are rather steeply 
inclined, but the outside cylinders are horizontal. All four 
cylinders have piston valves, each pair of H.-P. and L.-P. 
valves being actuated by a single set of Walschaerts gear. 
The starting valves are placed on the low-pressi»re steam 
chests, and are actuated by the reversing shaft. 

The boiler is of the round topped type, with a wide and 
sloping firebox, 7ft. 1 rin. wide. The barrel is 5ft, Sin. 
in diameter and 17ft. long between the tube plates. The 
centre line is 9ft. 4ins. above the rails. It is fitted with 
the Schmidt super-heater. 

The dimensions are : — 

Cylinders, H.P., i6i-in. by 24-in. 

Cylinders, L.P., 2pi-in. by ib-J-in. 

Wheels, coupled, diameter, 5-ft. loji-in. 

Wheels, bogie, 4-ft. 

Wheels, radial, 3-ft. 3l-in. 

Wheel-base, rigid, 12-ft. ii-in. 

Wheel-base, bogie, 7-ft. 3.in. 

Wheel-base, total, 37-ft. 

Heating surface, tubes, ?,o88 sq. ft.; firebox, 158 «q. ft-; 

superheater, 538 sq. ft. ; total, 2,784 sq. ft. 
Grate area, 48 sq. ft. 
Weight in working order, 89.8 tons. 
Weight on coupled wheels, 50.4 tons. 

Another interesting class of locomotive in which full 
use is made of the advantages to be derived from high 
super-heat has now been adopted as the standard goods 
tank engine for the Prussian State R. The design is one 
which is unknown at present on British lines, being ten- 
wheeled and all-coupled. To reduce the resulting stiffness 
the first, third and fifth axles have lin. side play. 

The fourth axle is the driving which would ordinarily 
result in a very long connecting rod, but this is overcome 
by extending the piston rods so that the slide bars are in 
the rear of the first coupled wheels, and to reinforce the 
piston rods they are provided with intermediate crossheads 
working on prolongations of the ordinary guide bars. 

The tank capacity is large, being 2,520 gallons carried 
in side tanks, but the economy in water claimed for super- 
heating will, of course, render this equal to a considerably 
larger quantity. 

The cylinders are of abnormal size, but this again b the 
outcome of the high super-heat; in fact, their dimensions, 
coupled with the low boiler pressure carried, only i7olbs., 
is an object-lesson in locomotive proportions, provided 
always there are no serious off-sets which will arise, or 
which are not made public. The following are the leading 
dimensions ; — 

Cylinders, 24-in. by 26-in. 

Wheels, diameter, 4-ft. 5.2-in. 

Heating surface, tubes, 1,332 sq. ft.; firebox, 120 sq. ft.; 

superheater, 458 sq. ft. ; total, 1,910 sq. ft. 
Grate area, 24.^2 sq. ft. 
Working pressure, 170-lbs. 
Weight in working order, 72.6 tons. 
The cylinders are fitted with piston valves, actuated by 
Walschaerts valve gear. 
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South Eastern and Chatham Railway Co.'s 

The fine examples of full-sized rolling stock sent to the 
Franco-British Exhibition by the South Eastern and Chatham 
R. Co. are highly creditable, and are thrown into the pro- 
minence they deserve by the fact that, with one unimportant 
exception, they are the only ones in the Exhibition : the 
other railway shows are, excepting those of the London 
and North Western R. and the Chemin de fer du Nord, 
of no particular interest. 

Three principal items are shown by the S. E. and C. R. 
Co., viz. : — an express engine, a tri-composite carriage and 
the •• Invicta.'* 

The engine is one of the 4-4-0 class, designed by Mr. H. 
S. VVainwright, M.lnst.C.E., about two years ago, and 
which has been very successful in work, is well suited 
for the traffic of the railway. The engine, of which a view 
is given on page 248, is highly finished, and stands on a 
length of standard permanent-way provided with a Sykes 
locking bar. Its principal dimensions are given under the 



The «*InNicta." 

ilustration, but we may add that it is fitted with Stephenson 
link motions and steam reversing gear, cambered boiler 
tubes of Nicro copper ijin. diam., Hodge and Spencer's 
auxiliary bearing springs, an extended smoke-box contain- 
ing Stone and Co.'s patent regulating blast pipe, ash ejector 
and louvre spark arrester, steam sanding apparatus, fittings 
for steam heating the train and the vacuum automatic 
brake. 

The carriage is one of the corridor tri-composites used 
for the through services between Dover, Folkestone, and 
other South Coast watering-places and Liverpool, Man- 
chester and other towns in the north served by the North 
Western, Great Western, and Midland systems. It has a 



Exhibit at the Franco-British Exhibition. 

guard's and luggage compartment and two lavatories. It 
was also designed by Mr. H. S. Wainwright, and is illus- 
trated, accompanied by its chief dimensions, on page 248. 
It is beautifully finished and furnished, and in every way 
equal to the rolling stock of the northern systems on which 
it runs. Its width is governed by the loading gauge of 
the S. E. and C. system. It seats four first-class, six 
second-class and twelve third-class passengers. The com- 
partments are roomy, as is necessary for long through 
journeys, and each has two of Turton Piatt's ** Eros*' roof 
ventilators with regulating grids. The carriage is fitted 
with Stone and Co.'s system of electric light — each of the 
first and second class compartments have two 12 c.p. lamps 
and each of the third class two of 8 c.p. The heating is 
by steam with Laycock's storage heaters. The body framing 
is of teak and the panels and facias of mahogany. The 
interior of the first-class compartment is framed with 
American walnut with mahogany mouldings relieved with 
gold, the seats, etc., arc covered with ** Tashmere " tapestry 
I the floor is covered with an Axminster rug on ** Kork " 
. thick. The second-class compartment is panelled in 
hogany and upholstered with ** Tashmere " velvet, and 
floor covered with a Brussels rug over **Kork. '* The 
^d class is framed in teak, filled with match-boarding 
leered bird's-eye maple, and upholstered with ** Railway " 
vet, the floor being laid with bordered ** Suberium " 
ering. The lavatories have Jas. Beresford and Son's 
ings, and are panelled with ** Emdeca." The under fram- 
and bogie framing are of steel, but in a future issue we 
ill describe this more in detail. Between the bodies and 
the underframe are A. G. Spencer's body cushions. 
The buffing springs are Spencer's indiarubber cylinders 
in two series at each end on the centre line of the 
underframe. The connection to the corner buff"ers is by 
an equalizing beam pivoted to the central buffer plunger. 
The corner buffer springs are A. G. Spencer's patent 
double buffer arrangement with concentric rubber 
springs arranged to give a high final resistance. 

The old ** Invicta " is most interesting, and when 

compared with the modern engine above described, 

and which is next to it, shows at a glance the progress 

made by the steam locomotive since the time of George 

Stephenson, who designed the ** Invicta," and which, 

according to The Development of the Locomotive^ by 

Mr. Clement E. Stretton, of Leicester — the ** Invicta " 

being the company's only locomotive — worked the 

opening train of the Canterbury and Whitstable R. on 

May 3rd, 1830. It was built by Robert Stephenson 

and Co., and had cylinders loin. by i8in., wheels 4ft. diam., 

boiler barrel 3ft. 4in. by 8ft., working pressure 4o]bs. per sq. 

in., wheelbase 4ft. /in. The boiler contained 25 tubes ^in. 

diam. Its weight was between five and six tons, and 

originally it had a somewhat shorter boiler than the present 

one. 

All our illustrations have been made from photographs 
kindly placed at our disposal by Mr. H. S. Wainwright, 
the chief mechanical engineer of the South Eastern and 
Chatham R. Co., who it is to be hoped will reap the reward 
of their enterprise in sending such a fine display to the 
Franco-British Exhibition. 



Digitized by 



Google 



248 



K 

c5 

:^ -8 I 

^ iii 2 

I « u 

:; - J 

E, 8 
Ol i 

15 > = •? 

^ ..i O i 2 

« -.I Q I S 

Sri 5 



^•5 



^J 



o 



H 



O Is 

Z I-: 



•2 i 



<i 



-J b 



J Si Us I 






Is 



zll 



S i 

0~ 



2? 0< 



Ol s 



SI' §J!f 



to «... 



«! 



(A 

bi S 

111 7 I J 

Oi=; o-i 



M 



a. 



£^.| 



Q ^-1 g I i 



O 



I ^ Q i > 



ft.: tt 



ail 



tli I 

o I 

Q. S 

Z 8 

£ 



Digitized by 



Google 



August, 1908. 



The Railway Engineer. 



249 



Notes on the Erection of Bridges.— XL* 

It may perhaps not be possible to conclude this series of 
articles in a better way than by some description of the manner 
of erection of the bridges that have been built across the 
Niagara river to carry rails and roads between the . United 
States and Canada. 

Some reference was made to one bridge across the Falls 
in Article IX. (March, 1908, page 80). This was of the old- 
fashioned suspension type, a truss being carried between the 
points of support to stiffen the bridge and prevent the in- 
evitable undulations that must otherwise occur under heavy 
railway traffic. 
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Fig- 35. 

The new bridge (see fig. 35) at this point of the Falls is of 
the steel arch type of 550ft. span and 114ft. rise, provision 
being made for a roadway at the lower level and for a double 
line of rails over this. 

The principal difficulty that had to be met in this case was 
the continuance of the traffic both on the roadway and also 
on the railway above the road, and the result was said to be 
that not one train was delayed on account of the reconstruc- 
tion, and no hindrance was experienced in the road traffic 
except for a period of a couple of hours on each day that the 
upper floor was being placed in position, the object of the 
stoppage being to protect the road traffic from falling material, 
and the time chosen being that of the least railway traffic 
overhead. 

Other difficulties that ensued were the variable deflection 
of the old suspension bridge under travelling loads, and the 
small amount that was available as clearance between the old 
work and the new. 

The two halves of the arch were built out from the abut- 
ments on each side as cantilevers, which were anchored back 
to the solid rock at each side, the attachment being made at 
the upper part of the end post, and the material in the side 
spans being (see fig. 35) used for anchor chains in the shape 
of eye bars. 

An adjusting toggle was used at this point (see fig. 36) 
which by means of right and left-hand screws worked by 19 
men with capstan bars at each screw was found capable of 
lifting or lowering the cantilever erection in either direction 
as required. The rear end of the adjusting toggle was 
anchored firmly down into a hole blasted out of the rock, the 
hole being filled in with concrete. 

It was originally proposed to convey the material out to 
its place in each cantilever by means of a wire rope cable 
apparatus to be suspended from the two towers of the old 
suspension bridge, but this was ultimately abandoned in 
favour of a pair of light travellers, one on each cantilever, by 
means of which the two halves of the arch were built out 

* The previoas articles of this series appeared in the RcUluHiy Engineer of 
the followidg dales;-!., December, 1905; II., November, 1906; III., 
April, 1907 ; IV,, Tone, 1907 ; V., August. 1907 ; VI., October, 1907 ; VII., 
Nov«mber, 1907 ; VIII., January, 1908 ; IX., March, 1908 ; X., May, 1908. 



simultaneously but independently of each other until they met 
in the centre of the bridge. Each of the two travellers was 
provided with two engines placed in the towers of the old 
bridge, to work the lifting of material to its place in the struc- 
ture. The heaviest weight handled by the travellers in this 
way was 32 tons. 

When the two end spans had been erected the travellers 
were erected upon them in order to lift the skewbacks of the 
arch into position, and this done the commencing panels. of 
the arch were erected by means of a light scaffolding, which 
was, however, only used until the first panel was erected and 
tied back to the anchorages. After the first panel was thus 
erected the travellers were brought forward to their work, and 
the correct position of the end posts were given by the use 
of the adjusting toggle, ready for the erection of the second 
panel. 

A railway track for the conveyance of the material was 
provided on each side of the bridge, the rails being continued 
over the bridge as the erection progressed by means of the 
brackets intended ultimately to carry the side walks. 

In this way the erection of the cantilevers was carried out 
until the two halves met in the centre to complete the arch, 
the lower floor and lateral bracing being put in as the work 
progressed. The level of the new floor and bracing was also 
purposely left low in order that it should not be touched by 
the deflection of the old bridge under moving loads, and thus 
producing additional loads on the anchorages. 

a€. fl'^-w^-ss*^fc*:6^^^^-A*/>/*/ tunlLefi AmiM/ screws 




Fig. 36 



The central panels of the arch were not finished in the 
shops until six panels from the abutments had been com- 
pleted on each side, leaving a central measurement of a little 
over 134ft., which, however, on account of wieather conditions 
could not be so accurately determined as was desirable. 

When both sides had been completed it was found that 
there was an opening of Sins, between the two halves of the 
arch rib, which, however, it was anticipated would be ac- 
counted for when the adjusting toggles were loosened on each 
side. 

It was expected that the compression that must occur 
when the two halves of the top chord met together and the 
consequent release of the tension stresses would shorten the 
members to their proper lengths, but it wa3 found that the 
ribs of the arch met first and took the compression stress, so 
that in fact there was an of)ening left of Jin. in the top chord 
at the centre, whilst they were yet in tension. 

It therefore became necessary to force the two halves of 
the top chord apart at the centre, which was done by means of 
a compression toggle, and by this means an opening of rin. 
was made and a wedge inserted. At this point in the erec- 
tion the exact camber was measured and found to agree with 
that actually required, and the lower floor and bracing was 
thereupon raised to its required level. 

The stiffening trusses of the old bridge were then blocked 
up from the new work and the cables removed, and this en- 



Digitized by 



Google 



250 



The Railway Engineer. 



Aagasty 1908. 



abled the new upper floor to be erected in place, the old upper 
floor and top chords being at the same time removed. This 
part of the work being done between trains, two panels at a 
time, the time occupied in the work being about two hours 
each day. 

The work was begun in April, 1896, and was completed in 
August, 1897. 

The Niagara cantilever bridge was the first structure of 
its kind erected in the United States, and carries the double 
track of the Michigan Central Railroad over the gorge of the 
Niagara river. It was erected in 1883. 

The position is about two miles below the Falls and about 
300ft. above the replaced railway suspension bridge described 
in Article IX. and above. The height of the bridge is 265ft. 
above the water, which at this point travels over 16 miles 
per hour, and is one torrent of whirlpools and eddies, the 
depth of water being estimated at from 50 to Soft. 



ra'0''--*uA* '^5 '2k'- - H 




Fig. 37. 

The span of the bridge between the bluffs is 850ft. (fig. 37) 
and the design consists of two double cantilever arms carrying 
a suspended span in the centre of the opening. The distance 
between the centres of the supporting piers is 910ft. 2iins., 
each cantilever being 395ft. 2^\ins. in length, the suspended 
span having a length of 119ft. 9|ins., the two parallel trusses 
being 28ft. apart. 

On each side of the central opening and between the cliffs 
and the two piers, ordinary timber staging was used for the 
erection of these parts of the bridge, and the trusses were 
erected by means of derricks placed at the river ends of the 
staging. The materials were lowered from the cliffs by der- 
ricks on to the staging, where they were conveyed by hand 
cars to the river end derricks, to be lowered to their place in 
the structure. 

When the towers were completed in this way 
additional staging was superposed and the shore 
spans of the cantilever were built upon these 
stagings, and immediately the shore arms were 
completed a track was laid upon them and the 
erection of the river lengths of the cantilever arms 
commenced. 

A traveller (see fig. 38) composed of a timber 
framework braced by iron rods was placed 
the rail tracks and run out towards the river 
cast-iron wheels i4ins. diameter, 8ins. face, on 
axles, and running between timber guides. It 
anchored down to the completed shore arm of the canti- 
lever. The total length of the traveller was 66ft. 6ins., and 
the end projected out 40ft. beyond the completed work, an 
extension being provided at the rear. The width of the 
traveller was 38ft. 6ins. and the height 21ft., and two der- 
ricks were provided for handling the material, power being 



provided by means of a hoisting engine and vertical boiler. 
The derricks lifted the material from the hand cars and either 
swung round and deposited the work in its place or handled 
it so that it could be lifted from a cross beam placed upon the 
traveller. 



Fig. 38. 

As each panel of the cantilever structure was built up in 
this way the traveller was moved forward to take up new 
work and at the same time a hanging platform for the work- 
men was hauled forward, being suspended from the traveller 
as it moved along the structure. The maximum weight 
handled by the traveller was a little over 5 tons. 

The central independent span was erected in the same way 
by means of the travellers, the bottom chord being made so 
that it would resist compression as a continuation of the 
cantilever until the centre panel was reached. At this point 
the two travellers were only 40ft. apart, and the remainder of 
the work was done from timber beams laid on the top between 
the ends of the travellers, and thus the finishing connections 
were made. The travellers were then taken down and other 
staging removed, and then the permanent tracks were laid 
down, the whole erection of the bridge only occupying eight 
months. 

The Niagara Falls and Clifton Bridge was built in 1895-8 
to replace the old suspension bridge of i,2S3ft. span, and 
carries a highway across the river two or three hundred yards 
below the Falls. 

The bridge consists of one central span having braced 
steel arch ribs with two hinges and a span of 840ft. between 
the centres of the end pins, and outside this opening (sec fig. 
39) are two shore spans of 190ft. and 210ft. respectively. The 
height of the intrados is 150ft. above the bearing pins and 
170ft. above the water, which at this point is estimated to be 
about 175ft. in depth. 

The sides of the gorge are solid rock, so that the situation 
is an ideal one for this type of construction. 







upon 

upon 

steel 

was 



Fig- 39. 



The old suspension bridge consisted of two steel stiffening 
trusses 12ft. deep., spaced 17ft. 6ins. centre to centre, sus- 
pended from wire cables 6ins. diameter resting on steel towers 
on each bank rising looft. in height, the cables being carried 
back to anchorages 250ft. away on each side, the suspension 
from the cables being effected by means of Jin. wire ropes 
spread 5ft. apart. 

It is said that the old structure was very sensitive to wind 
and also to loads passing over the bridge, so much so that the 
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deck movements during a strong wind were similar to those of 
a ship at sea in a gale of wind, and that a comparatively small 
load entering the bridge at one end would perceptibly lift the 
structure at the other end, also that the difference in tem- 
perature between night and day would raise the floor of the 
bridge nearly one foot at the centre of the span. 

At the commencement of the erection of the new structure 
reception yards for the new material were provided at each 
end of the old bridge; the material, however, was all brought 
to the site on the American side on account of the greater 
railway facilities on that bank of the gorge. 

At the same time a narrow gauge railway was laid down 
on one side of the existing suspension bridge, sufficient room 
being left alongside this track for the ordinary highway 
traffic over the old bridge. The material for the new struc- 
ture was run out by this means on hand cars to the Canadian 
side, or partly across, as required. 

On each side of the gorge travellers were provided, being 
made to run along upon the top chord of the stiffening truss of 
the old bridge. Two eight-spool hoisting engines were pro- 
vided at each end, and ropes from these to the moving travel- 
lers worked also along the top chord. 







Fig. 40» 

The suspension cables of the old bridge were much in the 
way of the lifting booms of the travellers (see fig. 40), but by 
an ingenious arrangement the booms were made short and 
long, and arranged so that they could work sometimes under 
and at other times over the cables, which, of course, could 
not be removed. The travellers were lightly built on account 
of the small comparative strength of the old bridge, the maxi- 
mum weight they were allowed to carry being only 6 tons on 
one boom. 

Another difficulty arose in that the old stiffening trusses 
of the old bridge came in the way of one arch rib of the new 
structure at a point some distance away from the centre of the 
span, and as it was necessary to maintain the efficiency of the 
old bridge throughout it was decided to cut away the lower 
part of one of the old stiffening trusses below the level of the 
floor for a length of about i6oft. 

The old stiffening trusses were for this purpose strength- 
ened at this point, and the highway was partly carried by new 
floor beams which were specially suspended from the main 
cables. 

The shoes of the arch had each a weight of about 16 tons 
and were the heaviest weights to be lifted throughout the 
erection of the bridge. The travellers were not powerful 
enough to lift them, and as the material was all delivered upon 
the American side the shoes for the other or Canadian side 
were carried across the gorge by the Niagara railway arch, 
about two miles up the stream. They were landed on the top 
of the bank and then lowered to the bottom of the gorge by 



two sets of lines, one set working from the suspension cables 
near the towers and the other set working from the cable near 
the centre of the span. 

The end panels of the arched ribs were erected on timber 
staging, and from this the remainder of the panels were built 
out panel by panel, anchorage rods being provided at each 
panel point until about seven-tenths of the half rib was erected 
as a cantilever. Each of the anchorage rods was provided 
with adjusting tackle so that it could be lengthened or 
shortened as required, the position of the panel points being 
carefully checked as the work proceeded, and as the site was 
peculiarly subject to high winds and mists, freezing at many 
times, this was a very precarious work. 

When the building-out had proceeded to the ^^ stage the 
main anchorage ties were attached, and the previously-fixed 
anchorage rods were slackened so that the main anchorage 
would take all the stress. 

Up to this point it was found very difficult to keep the 
growing structure sufficiently stable on account of the tilting 
over of the old suspension bridge upon which the travellers 
worked, and such were the conditions that it was found neces- 
sary to lower weights from both sides of the bridge simul- 
taneously to avoid the twisting of the old stiffening trusses. 
Added to this difficulty was the trouble that when a load was 
swung out any distance by the traveller booms it was neces- 
sary to stiffen the side trusses from the platforms of the old 
bridge. Another difficulty consisted in the suspenders of 
the old bridge, which were only 5ft. apart, between which the 
lifting booms had to be interlaced, until the booms could work 
above the suspending rods. 

It was intended, when the bridge was designed, that the 
two halves of the rib should be erected a little too high so that 
they could be lowered into place by means of the adjusting 
toggles on each bank, but this had to be modified during the 
operations for the reason that there was insufficient clearness 
between the old and new work, and also it was found that the 
top chord members of the arch would meet first. Another 
reason was the uncertainty of the correct distribution of the 
stresses had this been done, the stresses being so very different 
when the two halves of the arch were acting as cantilevers 
and the length of the members being modified in consequence. 

This method of attempting the closure of the arch mem- 
bers was therefore abandoned, and the erection was carried 
out in such a way that the position of the booms would be 
normal and final when the temperature was at 60°. It was 
also arranged to provide a third hinge in the centre of the 
bottom chord so that this hinge should carry the stress arising 
from the dead load before the top chord was in position. 

This was, however, modified when the top chords at this 
point were erected by forcing apart the two top members by 
means of a hydraulic ram, by which the correct stress was 
produced at the top panel point before the final closure was 
put in its place. 

This required a very careful calculation of the movement 
of the central panel point of the rib whilst it was being carried 
by the top anchorages, the extension of the anchorage bars 
under the stress, the play in the connecting pins, and the dis- 
tortion of the arch; and it was found that these considerations 
would cause the forward point of the arch to move forward 
5ins. and deflect I4ins., and for this reason the toggles were 
therefore set sins, short. 

The central hinge in the lower chord was formed by a 
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i2ins. pin, which, althoug-h of temporary use, was allowed to 
remain in its place, being fmished flush and covered with 
plates riveted on the outside of the webs of the chord, thus 
giving the appearance of a riveted joint. 

The central upper joint opening was forced apart from 
3fins. to 6ins. by the hydraulic rams exerting a thrust of 
about 165 tons at a temperature of 60°, and when the opening 
was thus enlarged it was filled with a cast-steel key made to 
fit the section of the upper chord, this being covered over on 
each side of the web by plates riveted on as in the case of the 
lower chord, the rivet holes for these plates, of course, being 
drilled on the ground to suit the case. 

After the closure was completed the bars used for anchor- 
age were removed, and the erection of the steel plate floor 
was begun, working from the centre towards both ends, all 
the material for the Canadian side having previously been 
hauled over from the American bank for the purpose. 

At the central part of the opening it was necessary to pro- 
vide two temporary moveable bridges for the traffic, the 
length of the temporary bridges being 45ft., a little longer 
than the distance of a floor panel length. These temporary 
bridges rested at one end upon the completed structure, and 
at the other end upon the old suspension bridge structure, 
and as they were several feet above the floor level inclined 
approaches were provided at each end. As the work of put- 
ting in the floor progressed the temporary bridge was drawn 
forward as each bay was completed. 

To ensure the safety of the workmen engaged on the 
bridge, a boatman was kept constantly on the look-out on the 
water below, but fortunately his services were never required. 

Upon the completion of the new bridge the old suspension 
cables were cut in the centre and wound up on reels. They 
were found to be in good condition and were re-used for 
another suspension bridge at Leicester, N.Y., where the gorge 
is narrower. The two halves of the cable were used, thus 
doubling the eff"ective area of the cables for the less span. 



vision of 89 engines, 406 coaches and 4,82 1 wagons has, in 
addition, been authorised; 283 engines, 1,260 coaches and 7,018 
wagons were fitted with automatic brakes, bringing the 
total number so fitted at the close of the year up 
to 3,702 engines, 131452 coaches, and 13,276 wagons, as 
against 2,572 engines, 6,047 coaches, and 110,463 wagons 
not fitted; 1,110 vehicles were fitted ,for gas and electricit}'. 
making the total number so fitted at the close of the year 12.849, 
as compared with 6,274 "^^ fitted. The number fitted for pas 
was 10,677, and for electricity 2,172. Means of communica- 
tion between passengers and guards and drivers are fitted to many 
fast trains, both State and Companies*. The Railway Board 
consider this matter to be one of great importance and are 
strongly pressing the more extended use of the appliance on all 
lines. 94 stations were fitted during the year with apparatus 
for interlocking points and signals, and 111 with automatic 
instruments for signalling trains between stations. 
Statistical Results of Working. 
With a net addition of 913 miles to the open mileage, the 
gross earnings of all Indian railways during the calendar year 1907 
amounted in round figures to Rs. 4,726.87 lakhs, compared with 
Rs. 4,411.73 lakhs in 1906, an increase of Rs. 315.14 lakhs. Of 
the increase in the gross earnings, Rs. 227.85 lakhs were 
absorbed in additional working expenses. The net earnings 
amounted to Rs. 2,298.28 lakhs, against Rs. 2,210.99 lakhs in 
1^06, or an increase of Rs. 87.29 lakhs. These net earnings 
yielded a return on the capital outlay (Rs. 39,843.15 lakhs) on 
open lines and lines partly open of 5.77 per cent., as compared 
with 5.83 in 1906. Of the increase of Rs. 315.14 lakhs in the 
gross earninijs, the North- Western State earned Rs. 92.77 lakhs, 
or 29 per cent., the Great Indian Peninsula Rs. 44.52 lakhs, or 
14 per cent., and Bengal and North-Westem Rs. 21.16 lakhs or 7 
per cent., and the remainder was contributed principally by the 
Bengal-Nagpur, Eastern Bengal State, Oudh and Rohilkhand 
State and Southern Mahratta railways. 



Railways in India, 1907. 

The Annual Report of the Railway Board shows that :— 

During the year 924 miles of line were opened to traffic, 

bringing the total mileage open, after allowing for abandonment 

and minor corrections of mileage, up to 30,010 miles of the 

following gauges :— 15,821 of 5ft. 6in. ; 12,613 of 3ft. 3iin. ; 

1,234 of 2ft. 6in. ; 342 of 2ft. 

There were 290 miles of line sanctioned during 1907, viz. : — 

255 of 3ft. 3iin. gauge; 35 of 2ft. 6in. gauge. 

L'p to the end of March, 1908, the mileages were— Lines open, 

30,206; Lines under construction or sanctioned for construction, 

i he actual capital outlay (excluding premia for the purchase 
of companies' lines) from the commencement, on all open lines 
and lines partly opened, amounted at the close of the calendar 
year 1907 to Rs. 39.843.15 lakhs, and that on lines wholly under 
construction to Rs. 242.35 lakhs. In addition Rs. 84.06 lakhs 
were incurred on miscellaneous items (English stores, etc.) 
connected with railways. The total outlay amounted to Rs. 
40,i6g.56 lakhs. 

All sanctions for expenditure are given with reference to the 
official year, and the sum of Rs. 1,500 lakhs (;£j 10,000,000) has been 
provided for 1908-1909 divided as follows : — (a) For open lines, 
including Rs. 547} lakhs for rolling stock, Rs. 1,148.88; (b) for 
lines already under construction— (i.) begun prior to 1907-1908, 
Rs. 331.12 ;' (ii.) begun during 1907-1908, — ; (c) for lines to be 
begun in 1908-1909, Rs. 20.00; total Rs. 1,500.00 lakhs. 

For the year 1907-1908 the Railway Board made a provision 
of Rs. 568 lakhs for rolling stock. 

The additions made during 1907 to the rolling stock of the 
railways consisted of 229 engines, 736 coaches and 6,118 wagons, 
the numbers under supply being 514 engines, 1,879 coaches and 
15,727 wagons. Subsequent to the 31st December, 1907, the pro- 



DUgrani ahowing for anch year the totals up to Slst December, 19U7, for m|i4tikl 
outlay, gross eamings, working expenses, and length in miles open, also perrautage of 
net earnings on capitsj outlay and percentage of working expenses to gross earuUags. 

The figures on this scale represent lakhs for the capital outlay, tens of thousands for 
groM earnings and working expenses and miles for lengUi open. 

In the case of percentage of net earnings on capital outlay, and perc«nta|t« of working 
expenses to gross earnings, each souare represents one and two per cent, reepectively. 

The ** total capital o«itlay " is Utat on all Indian nil ways, tU., ((.) open and partly 
open. (II.) on lines wholly under construction, and (111.^ on raisoellaneou^ items : while 
for the purposes of the "percentage of iket earnings on capital ou^ay " (I.) alone is 
reckoned. 

The decrease in the total capital outlay in 1003 is due to re^'ision of the outUy hitherto 
a lopted for lines purchased by the State from Guaranteed Railway Companies. 

The development of passenger traffic, noticed in the last 
report, continued during the year under review, and a larger 
number of pilgrims, native marriage parties, visitors to fairs, etc., 
was carried by railway. The visit to India of H.M. the Amir 
of Kabul and the holding at Calcutta of an Industrial Exhibition 
also contributed to this development. The scarcity in the United 
Provinces and Bchar also led to the movement of labourers in 
search of employment. The total number of passengers carried 
was 305.89 millions, agaist 271.06 millions, and the earnings 
therefrom amounted to Rs. 1,504.50 lakhs against Rs. 1,368.31 
lakhs. The number of third-class passengers carried was more 
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by 31.86 millions and the earnings therefrom by Rs. 123.44 lakhs. 
The other classes also showed satisfactory increases. Of the 
increase of Rs. 136.19 lakhs in the passenger receipts, the North- 
Western State earned Rs. 28.74 lakhs» or 21 per cent., and the 
remainder was contributed principally by the East Indian, Great 
Indian Peninsula, Eastern Bengal State, Bengal and North- 
western, South Indian, Rajputana-Malwa and Madras railways. 

The average rate charged to passengers of all classes was 
2.44 pies per mile, just over i-5th of a penny, and the average 
distance travelled was about 39 miles. There have been no 
material fluctuations in these figures since 1884. 

The aggregate tonnage of goods lifted during the year 1907 
was 62.1a million tons, and the earnings therefrom were Rs. 
2,^24,26 lakhs, an improvement over the previous year of 3.23 
million tons and Rs. 164.57 lakhs. Of the increase in the goods 
receipts the North-Western State earned Rs. 63.37 lakhs, or 39 
per cent., the Great Indian Peninsula earned Rs. 31.01 lakhs, or 
19 per cent., and the remainder was contributed principally by 
the Oudh and Rohilkhand State, Bengal-Nagpur, Bengal and 
North-Wcstem and Southern Mahratta railways. 

There was a decrease of Rs. 9. 1 1 lakhs in the goods receipts of 
the East Indian, due to the reduction of coal rates and suspension 
of booking of goods traffic from 20th to 29th November, 1907, in 
consequence of a strike amongst the running staff of the line. 
The total weight of the traffic in ** Grain and pulse,*' ** Cotton, 
raw and manufactured," **Coal," **OiI seeds," **Sugar," **Salt,'* 
and ** Jute '* during the year 1907 amounted to 33.71 million 
tons, and the earnings therefrom to Rs. 1,915.48 lakhs, against 
30.9^ million tons and Rs, 1,777.04 lakhs respectively in the 
previous year. The traffic in these commodities amounted during 
the year 1907 to 70.73 per cent, in weight and 70.06 per cent, in 
earnings of the total traffic carried for the public, against 70.27 
per cent, and 68.90 per cent, respectively in the previous yerir. 

Coal. — During tne year 1907 the total output from the 
collieries in India and Burma amounted to 11,150,000 tons, 
against 9,780,000 tons in 1906. The exports of Indian coal to 



capital raised by companies, and also the annuity payments for 
railways purchased by the State, including both interest and 
the portion that represents redemption of capital. This is the 
eighth year in succession in which there has been a surplus. 

Eleotro-Meohanioal Rail Joint. 

A NEW rail-joint, 35 of which have been in use on the Paris 
Metropolitan R. for about a year, is shown at the Franco- 
British Exhibition by the Soc. anon, des Eclisses Electro- 
MdchaniqueSf 84, rue du Ranelagh, Paris. 

This joint, the construction of which is clearly shown by 
the drawing, consists of only three pieces, all of which are 
made of annealed cast steel. The base plate or sleeve M 
(about i2|in. long) is placed on the ends of the rail, and two 
tapered keys — one on each side — are driven in with a 
hammer; the keys taper in opposite directions. To prevent 
the possibility of the slacking back of the keys they are 
secured by pins through one of the holes c c. The surfaces 
f e g are cylindrical inclined to the horizontal, and the cor- 
responding surfaces of the keys are made to the same radius. 

The mechanical advantages claimed for this joint are that 
it does away with fish-bolts and drilling holes in the ends of 
the rails, that as the ends of the rails are effectively supported 
any movement of them is impossible, and no shock or ham- 
mering takes place, and that **the rails take a continuous 
elastic curve between the sleepers as if no joint existed," and 
therefore that the distance between the sleepers at the joints 
might be increased. 
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Indian ports, principally from Calcutta to Bombay, Karachi and 
Madras, rose from 1,830,000 tons to 1,870,000 tons or by 34,000 
tons, and those to ports outside India, including Burma, principally 
from Calcutta to Rangoon and Ceylon, fell from 1,394,730 tons 
to 1,040,2.10 tons, or by 354,490 tons. The imports of coal from 
the Unitea Kingdom increased from 199,220 tons to 227,180 tons, 
or by 27,960 tons, and those from other countries from 27,150 tons 
to 74,410 tons, or by 47,260 tons. The total quantity of Indian 
coal consumed by Indian railways during the year I9t)7 increased 
from 2,880,000 tons to 3,340,000 tons, or by 465,000 tons, and the 
amount of foreign coal consumed from 37,280,000 tons to 
54,860 tons. The traffic in coal carried by railways increased from 
11,190,000 tons in 1906 to 12,190,000 tons in 1907, while the earn- 
ings therefrom fell from Rs. 322.83 lakhs to Rs. 318.55 lakhs. 
The decrease in the earnings with an increase in the tonnage 
carried was due principally to the reduction in the co;il rates for 
distances over 200 miles. 

The average rate for all descriptions of goods carried per 
ton per mile was 5.18 pies, as compared with 5.42 pies in 1906, 
or just under halfpenny, while the average distance over which 
a ton of goods was carried was 175 miles against 166 miles in 
the previous year. 

The additional mileage worked, the larger traffic handled and 
the increase in the train mileage run necessitated a corresponding 
increase in the working expenses. Large sums were also ex- 
pended by the principal railways in renewing their permanent 
way and rolling stock, and in strengthening bridges, and as a 
consequence the railways were worked during 1^07 at 51.38 per 
cent, of gross earnings, against 49.88 per cent, in the previous 
year. 

Financial Results to the State. 

The working of the State and Guaranteed Railways for the 
year 1907 produced a net gain to the State of 382.79 lakhs of 
rupees, after meeting, in addition to the expenses of working, 
all charges for interest on capital outlay by the State and on 



Kleclro> Mechanical Rail Joint. 

The joint has been tested at the Laboratory of the 
Conservatoire des Arts et Metiers^ Paris, with the result that 
as compared with a similar length of the same section of rail 
supported with the .same distance between the supports the 
deflection of the joint was one-half that of the solid rail with- 
out any permanent set. 

Under the drop test with a weight **of 260 kgs. (585 lbs.) 
** and falling twice on the chair from a height of 4*02 m (13ft.) 
** and a third time from a height of 5 m (15ft. 3in.) the deflec- 
** tion was only 38* 5 m m and rupture was produced not in the 
** chair but in the rail just against the rail-joint." 

The electrical advantages claimed for the joint, and these 
are certified by Mons. Calve, chief maintenance engineer of 
the Paris Metropolitan R., are that the conductivity of the 
joint is equal to an ordinary fished joint and four copper 
bonds. The tests showed that one metre of rail with an 
ordinary fished joint and four wire connections gave the .same 
electrical resistance as a plain rail r6im. long, and that one 
metre of rail with the new joint without wire connections gave 
the same resistance as a length of r66 m. of plain rail. And 
after the passage of 100,000 trains the joints are giving com- 
plete satisfaction. 

They are also used for immediately and permanently re- 
pairing broken rails. Further information may be obtained 
in this country from Mr. Scott Anderson, Royal Insurance 
Buildings, Sheffield. 
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Single Phase Electric Traction on Railways. 

The electrification of the Midland line between Lancaster, 
Morecambe and Heysham — noticed in our last issue — and 
the approaching completion of the Brighton company's 
South London line, being the first installations of overhead 
construction for railways in this country, creates interest in 
what has been done in America in connection therewith. 

There have been two such installations, both of which 
were brought into use last year. The first was on the 
Erie RR. where the work, except the power transmission 
line and the car bodies and trucks, was carried out and 
placed in operative condition by Westinghouse, Church, 
Kerr and Co., to whom, and to their electric traction 
engineer, Mr. W. N. Smith, in particular, we are indebted 
for the data and photographs from which this part of our 
notice is prepared. 

The section equipped consists of 34 miles of single line, 
with intermediate sidings and stations, near to Rochester. 
Only the passenger trains are operated electrically, the goods 
trains continuing to be worked by steam power. Only three 
passenger trains in each direction were run daily before the 
change was made, but now there are six. 



tension room, which is seen in the lower right-hand corner 
of the ground floor plan. The 60,000 volts current enters 
the sub-station through glass discs, d d d^ held in 36in. 
tiles at the back of the building as it is viewed in fig. i. 



Fig. I. 

Not the least interesting feature is that the power is 
obtained from the Niagara Falls through the plant of the 
Ontario Power Co., and is conveyed at 60,000 volts three 
phase to the sub-station at Avon, which is about 19 miles 
from Rochester — one end of the electrification — and 15 miles 
from Mount Morris — the other end. 

Fig. I is a photographic view of the sub-station and fig. 
2 is a plan. In the lower centre is a plan of the ground 
floor and the opening a is that seen on the right of fig. i with 
the rails passing through the opening. These rails pass 
through the whole length of the main transformer room, in 
which are three transformers b b b, of which a view is 
given in fig. 3. There is a floor below which contains one 
of the transformer oil tanks c. The main transformer 
room extends upwards the full height of the structure so as 
to allow room for the high tension bus-bars to be carried over 
the transformers as seen in fig. 3 and in the upper left-hand 
and upper-centre of fig. 2 are seen these bus-bars. Another 
room that extends the full height of the building is the high- 



Fig- 3. 
It passes through three circuit breakes e e e of the stick 
type and then over bare copper conductors to the three 
oil insulated choke-coils e* e^ e^ which are located on a 
mezzanine floor, approached by an iron staircase from the 
operating room which is on the upper right-hand comer of 
the ground plan. The current passes thence through three 
oil insulated series transformers / / / on the mezzanine floor 
and through the measuring instruments in the operating 
room, seen in the lower right-hand of section c c and 
terminate upon the bus-bars above the transformers b b b. 
These transformers are of the Westinghouse oil insulated 
water cooled type, each of 750 K.W. capacity and convert 
the current to 11,000 volts single phase. Only two trans- 
formers are used at one time, the third being a reser\'e. 



Fig. 4. ^Diagram of ConneetioDi, 
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The railway in front of them is for the true k f^, seen in the corner in fig. 3, upon 
which a transformer can be readily placed when any part requires removing for 
repairs. In addition to the oil transformer tank c in the basement there is another, 
c*, suspended from the concrete roof beams, at the top of the transformer room. 
Oil is stored in the lower tank and pumped by a steam pumf>— with steam from 
the adjoining engine shed — into the upper tank and thence fed into the transformers. 
From the transfoi mers the 1 1 ,000 volts current passes up to the mezzanine floor 
and out through perforated glass discs h h h set in i8in. round tiles. Before 
emerging, there arc tapped to them two VVestinghouse low equivalent lightning 
arresters, set in brick compartments and reinforced by two electrolytic lightning 
arresters, of the 11,000 volt type. A set of call bells is provided so that should an 
automatic breaker open or the temperature of any transformer run above normal 
the men working in the adjoining car-shed are warned. The station does not 
require the constant presence of an attendant and the cost is consequently reduced. 
Fig. 4 is a diagram of the electrical connections which may now be followed 
after the foregoing explanation. 

The catenary ti alley construction may be judged from fig. 5. The brackets, 
attached to chestnut poles, are of sin. x 2iin. T and loft. long, fastened to the 
pole by a pair of bent straps and held by two fin. steel truss rods. The insulator 
pins are of malleable iron, the lower portion being divided and fitting closely over 

the flanges of the T and 
are ordinarily about i2in. 
from the end of the 
bracket and about is^in. 
from the truss-rod, but 
the position of the insu- 
lator varies in this space 
of 27iin. to allow for 
change in alignment due 
to curves. The messen- 
ger wire is 7 strands and 
is ^in. diam., and the 
trolley wire is No. 3.0 
B and S grooved copper, 
S and they are joined by a 
g fin. iron hanger rod 
H spaced every loft. Under 
1 the T brackets are the 
^ steady strain rods hinged 
•5 to a porcelain strain in- 
sulator. These are only 
used on curves such as 
that seen in fig. 5. 

The span construction 
is practically similar to 
the bracket construction. 
Two span wires are 
stretched across the 
track, the upper one to 
carry the weight and the 
lower one to steady the 
arrangement. From the 
upper wire is suspended 
and to the lower is at- 
tached a piece of 3in. x 
2iin. T about 3oin. long. 
This carries an insulator 
on which the messenger 
wire rests. On curves 
such as in fig. 5 and in 
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big spans as in fig. 7 ** Tripartite ** steel poles are used. 
These are made of re-rolled Bessemer rails and are set in 
concrete. 

Fig. 6 is a view of a straight piece of work. The 
intei laced arrangement is what is known as a ** deflector. ' * 
These are four or five bars of flat steel, placed about 5ft. 
apart, and are intended to keep the end of the pantograph 
shoe from getting hooked under the other wire when passing 
under the trolley-wires at a siding or junction connection. 

The electrical connections on the cars consists of form 



No. 1 32 A Westinghouse single phase motors with a nominal 
rating of 100 h.p. each, the gear ratio being 20.63. Th^ 
pantograph trolley mechanism is operated by a pair of 
springs and by an air cylinder and is raised and held against 
the trolley wire — as seen in fig. 7 — by means of springs 
against its own weight. When down it is automatically 
locked, and the lock can only be withdrawn by applying air 
pressure to another small piston which then unlocks the 
pantograph, allowing the springs to raise it. The trans- 
former is of 200 K.W. capacity and is of the oil insulated 



Fig. 6. 
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Fig. 7. 



type. It has three high potential and eight low potential 
taps, the latter running from 300 down to no volts. The* 
latter pressure current is for heating, lighting and auxiliary 
purposes. 

The equipment is sufficient for operating single car 
trains, with one stop per mile, at an average speed of 24 
miles per hour, or to haul one trailer, with stops 2^ miles 
apart, at the same average speed. On some trains baggage, 
milk and postal cars are attached. When two trailers are 
hauled — ^as in fig. 7 — two motor cars are required. 

The line is protected by an efficient block system, as is 
the greater part, if not the whole, of the Erie R. By a 
special feature, all risk of the motive power interfering with 
the telegraph service has been eliminated. 
(To he continued.) 



QendeKs Slideiess Switches. 

The illustration of this patent arrangement of points requires 
but little explanation. It will be seen that the switches s s 
are connected by a stretchei rod a attached to the free ends of 
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Gender's Slideiess Switch. 



two short levers b b rocking on centres c c fixed on to the 
sleeper. When the points arc moved over it follows they 
must be lifted off the chairs instead of sliding on them. The 
points can be worked by any ordinary arrangement, but the 



one shown in the illustration is by means of a treadle-box, 
the bell-crank d being worked by a T lever, the arms of which 
carry treadle plates / /, which the shunter works with his foot. 

These points cannot be moved when a vehicle is on them, 
and it is stated that the wear and tear on pins and joints is 
reduced by 50 per cent. , and that the saving in cost of oiling 
and cleaning is sufficient to pay the cost of their installation 
in three years. A train coming through them automatically 
sets them with the first pair of wheels and may set back 
over them without fear of derailment and without the 
whole train first clearing them. 

The sole manufacturers are W. J. Jenkins and Co., Ltd., 
Retford, w^ho are showing them at the Franco-British Exhi- 
bition. 



Ferro-Concrete Railway Bridges. 

During the last few years numerous important buildings have 
been erected by the various railway companies in accordance 
with the Mouchel-Hennebique system of ferro-concrele. 
Among these some of the more noteworthy are the New 
Bridge Street Good Station and Warehouses, Ncwcastle-on- 
Tyne; Canons Marsh Goods Station and Warehouse, Bristol; 
and warehouses at the Royal Albert Docks, Westbourne Park, 
Brentford, Plymouth and elsewhere. 

All the structures in question have been built from the 
general designs of the various engineers or architects of the 
railway companies, for whom details of the ferro-concrete 
work were prepared by Messrs. L. G. Mouchcl and Partners, 
of Westminster. 

The experience gained as to the behaviour of ferrocon- 
crete buildings under the stress of working conditions has been 
so satisfactory that the same method of construction is now 
being applied to the construction of railway bridges and 
foundations in different parts of the country. 

The first ferro-concrete railway overbridge completed in 
Great Britain was one carrying the Ripley main road across 
the North Eastern R. about 5 miles north of Harrogate. The 
bridge consists of ferro-concrete beams with the span of 35ft. 
It was illustrated and fully described in our issue for April 
last, pp. 116 and 117. 

Fig. I illustrates another simple girder bridge with the 
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clear span of 27ft., desig^ied to carry highway traflic over a 
new railway line near Avonmouth. This bridge was calcu- 
lated for the test superloads of 140 lb. per square foot and 
the rolling load of an 18-ton lorry. 

We believe the first ferro-concrcte bridge in this country 
for carrying railway traffic is one built for the Dundee Har- 
bour Board about 5 years ago. That structure comprises 
four main arched beams, with the clear span of 28ft. con- 
nected transversely by secondary beams and a continuous 
deck slab 39ft. gin. wide. On completion of the bridge a 
portion of the span intended for heavy road traffic was sub- 
jected to severe tests by the harbour engineer, the greatest 
deflection under the total load of 62 tons 6 cwt. being less than 
l^in., or only 1/1855 of the span. 

A more recent example of ferro-concrete railway bridge 
construction is the three bridges carrying main line rolling 



tinuous horizontal slabs, whence rise the vertical face waJl 
counterforts and columns carrying the ends of the girders 
above. 

The cross section and plan show the manner in which the 
two supporting walls are tied by horiontal beams passing be- 
neath the roadway. These beams were moulded and seasoned 
in advance so that they could be laid in position and bonded to 
the other fcrro-concreto work without interference with 
vehicular traflic along the street. 

The counterforts are i2in. thick and are spaced at inter- 
vals of from 8ft. to 1 ift. apart centre to centre, and between 
them are columns measuring 12 by 18 similarly spaced, the 
latter members and some of the counterforts being imme- 
diately below the ends of the main girders of the bridge spans. 

As the chief duty of the face wall on either side of the 
roadway is to hold up the earth filling, these parts of the con- 
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Stock over Victoria Street, St. Phillip's ^^a^sh, Bristol. (See 
fig. 2) 

Although these structures are not of imposing character, 
they are of special interest as representing the first ferro- 
concrete bridges to be used in this country for main line 
rolling stock. 

All three bridges are of the girder type, the three skew 
spans being supported on ferro-concrete walls, built up from 
piles of the same material. The clear span measured perpen- 
dicularly to the supporting w^alls is 36ft. in each case, and the 
overall width of the connected series of bridges is 196ft. 
approximately. Owing to the gradient of one of the lines the 
middle span is 5ft. higher than the two outer spans, the three 
bridges being connected by two slopes of ferro-concrete. 

The ferro-concrete foundation piles, in two rows 9ft. apart 
centre to centre, on either side of the street measure 14 by 
14 and are driven to a suflftcient depth to ensure absolute 
security. They are connected at the heads by longitudinal 
and transverse beams, which in turn are connected by con- 
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struction are only sin. thick, which is quite adequate in view 
of the ample reinforcement applied for withstanding the 
stresses due to flexure. 

The main girders, ijin. wide by 2riin. deep, cross the 
street at different angles in the three spans and are connected 
by a continuous decking slab 7in. thick, upon which the per- 
manent way is laid. 

From this brief description it will be seen that the whoFe 
construction is of exceedingly simple character, and we may 
add that owing to the monolithic connection between all the 
members of the ferro-concrete work and the careful manner 
in which the ends of the reinforcing bars of one part arc 
anchored into the concrete of adjoining parts, the rigidity af 
the bridge should prove superior to that of a framed structure 
of the customary construction. 

The \'ictoria Street bridges were designed for the rolling 
test load of an 80-ton locomotive with the wheel-base of 
27ft. 9jin. 

Another bridge for main line traffic in the same locality is 
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on the new line affording direct communication between Lon- 
don and Avonmouth. 

As shown by fig. 3, the bridge consists of a single arch, 
with the clear span of 24ft. , formed by a curved slab of ferro- 
concrete Sin. thick at the crown and I4in. thick at the spring- 
ings. The abutments and wing walls arc generally similar in 



filling over the span proper, and the wing walls, being tapered 
down as represented in the cross section, serve a similar pur- 
pose by holding up the embankment. 

This bridge was designed for the moving test load of an 
80-ton locomotive. 

The bridge abutments are built upon a thin slab of ferro- 
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design to the walls supporting the Victoria Street Bridge 
above described, although in the case of the work now under 
consideration the abutments are reinforced with special regard 
to horizontal arch thrust. 

Spandrel walls, built monolithic with the arch and stiffened 
by two columns on each side of the crown, serve to retain the 



concrete stiffened by ribs of the same material. The slabs 
and beams are moulded upon ferro-concrete piles i4in. square 
by about 56ft. long, constituting foundations of particularly 
rigid and stable character, and Imposing far less load upon 
the soil than would be involved by mass concrete foundations 
of the customary description. 
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Fcrro-concrcte has recently been employed for the founda- 
tions of several railway bridges, and in the construction of 
culverts through railway embankments in different parts of 
the country. One of the most important works among these 
is represented by the foundations of the new latticed girdor 
bridge of 200ft. span carrying a branch of the North Eastern 
R. across the River Aire near Goole. 

The foregoing examples show that British railway 
engineers are beginning to recognise the value of ferro-con- 
crete for bridges where steelwork is particularly liable to 
corrosion. 

The Pintsch-Howard System of Pneumatically- Working 
Fans on Railway Carriages. 

Thk greatest advantage of electrically lighting railway 
carriages is that the current is also available for working 
fans or wavers for ventilation or air agitation. 

To meet this demand on carriages fitted with oil-gas or 
any other (except electric) system of lighting, the system 
here described has been introduced by Pintsch*s Patent Light- 
ing Co., London, E.G., and which consists of compressing air 
into a reservoir under the carriage and leading pipes from 
the reservoir to the fans. The general arrangement is shown 
by fig. I. 

One of the carriage axles is fitted with a pulley B similar 
to those used for axle lighting, and a small air compressor A 
is suspended from the underframe by swinging links. The 
stretch of the belt is taken up and the tension regulated by 
the spiral spring D, which is kept slightly in compression. 

In order that, as far as possible, clean air only may be 
used, the intake pipe may be carried to any position in the 
carriage, or if on the outside it may be carried up the end 
of the carriage, the end of the pipe being turned downwards. 
In any case the open end should be covered with fine gauze 
or other suitable substance so as to filter the air. 

As the air is drawn into the compressor it is forced by 
way of the flexible copper tube H into the reservoir F until 
the pressure reaches 100 lbs. per square inch, when the 
safety release valve E on the compressor comes into opera- 



tion, the inlet valve to the compressor being raised so that 
the compressor can run light until the pressure falls below 
100 lbs., when the valve closes and compressing again takes 
place. As a further safeguard, a supplementary safety valve 
G is fitted on the end of the reservoir. This valve is adjusted 
to operate at 105 lbs. per square inch. The air in the 
reservoir flows through a }in. high-pressure pipe to the 
rej>ulator J, which is made on the principle of the well- 
known Pintsch gas regulator. 

The regulator may be adjusted to give any pressure 
according to the number of fans and the speed they are 
required to run. The usual pressure is 8 lbs. per squan- 



Fig. 2. — View cf Air Compressor. 

inch. This will run the fans at about 400 revolutions per 
minute, and four fans will run for about 30 minutes when 
the reservoir is fully charged. The fans themselves are 
driven by air motors made upon similar lines to those used 
for the Howard pneumatic tools. As will be seen, the pipes 
are all of small bore, so that there may be as little difllicultT 
as possible in running the pipes through the carriage. The 
revolutions of the compressor should not exceed 470 at ths 
maximum speed of train. 

Fig. 2 is a view of the air compressor. 
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Locomotive Journals and Bearings.— Vl.^ 

North British Railway, 
Like olher railway companies, the North British has greatly 
increased the power of its modern engines. The main line 
of the North British R. forms an important part of the 
East Coast route, the express trains on which are both 
heavy and fast. Corridor trains are run in competition 
with the Caledonian R. between Glasgow, Edinburgh and 
Aberdeen, The gradients that have to be negotiated are 
very steep. 

For this work Mr. W. P. Reid, locomotive carriage and 
wagon superintendent, has adopted the " Atlantic ** or 4-4-2 
type of engine with cylinders 2oin. by 28in. and 6ft. gin. 
coupled wheels. The heating surface of the boilers of these 
engines is 2,256*2 sq. ft. ; the grate area 28*7 sq. ft. ; the 
working pressure is 2oolbs. per sq. in., and the weight 
67*1 tons, of which 40 tons is on the coupled wheels. 

The details, of which Mr. Reid has been good enough 
to give us the drawings, belong to these engines. 

Leading and Driving Axle Boxes, fig 25. These axle- 
boxes are designed for a bearing SJin. long, the journal 
being gin. diam. by gin. long. They are made of bronze, 
with four wedge-shaped white-metal insets, arranged as 
shown on the drawing. The box is i4in. wide between 
the horn-block surfaces, and 9^in. deep from the centre 
to the top. The horn surfaces are iSin. by 6^in., the 
horns being 6^ in. wide. The bearing is eased away at the 
sides as shown, and also along the crown. 

The top of the box is cored out, but the lubricating oil 
is fed from a box on the splasher, and drips into a cone 
leading through a Jin. hole to a trough Jin. wide by Jin. 
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Fig. 25.— Leading and Driving Axle Boxes ; North British Railway < 

deep along the crown of the bearing. There is also a pad 
in the keep pressed up to the journal by flat bow springs 
as shown. 

'Previous articles in Februaiyi March, May, June and July, 1908. 
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Fig. 26.— Driving and Bogie Axles ; North British Railway. 

The Keep is of cast-iron, and is supported in its place 
by the spring-link pin, which is ijin. diam. 

The box is provided with a plain sheet steel cover Jin. 
thick, and shaped as shown on the draw- 
ing. 

Driving and Bogie Axles ^ fig. 26. 
These are of steel, and are fully dimen- 
sioned on the drawing. The wheel seats 
are tapered at i in 100. The object of 
this slight taper is to prevent the wearing 
of the surfaces while the wheel is travelling 
into its place on the axle. Two keys, at 
right angles, are used to key the driving 
wheels. The key-way has fillets in the 
corners .^.r in. radius, and its bottom is 
milled to rise out of the axle as shown. 

Connecting-Rody fig. 2'^, This is an 
outside (right hand) rod, and has solid 
ends, and differs from any of the others 
we have illustrated. It is lift. 3in. long 
between the centres, and is made of steel. 
Both ends are fitted with adjustable gun- 
metal bushes. The Big-End bearing is 
6in. diam. by Si^in. (pin 5J) long, and 
is fitted with four large white-metal insets. 
The bush is SJin. by 7iin., and has its 
outer corners rounded to lin. radius. The 
eye of the rod has a section of 2jin. by 
3Jin. at the end and i|in. by 3iin. at 
the top and bottom, all the corners beiog well rounded 
off as shown. The end brass is retained by flanges, and 
the inner brass by flanges and a steel wedge, which in 
turn is secured by the steel adjusting cotter, which is Jin. 



Digitized by 



Google 



262 



The Railway Engineer. 



August, 1908. 




J 

I 




f:>^ri'<?k' 






OV U^Vwi- s- 







>s 






X 



o 

i 

ai 



§ 






I 



I 



4 1 



I 



I 



•c 
a 

S 
2 



c 



^ I 

-i^ S 

u 

I 

w 



Digitized by VjOOQ IC 



August, 1908. 



The Railway Engineer. 



263 



thick, and tapers from 2jin. at i in 16 for a length of 
i6Jin. The cotter is secured by two | steel set-screws 
and by a safety key | by f at the bottom. 

The Rod has an I section, and tapers from 6Jin. to 4jin., 
with a uniform width of 2J; the web is ijin. thick, with 
fillets to the heads of |in. radius; the top and bottom 
corners of the heads are taken off to -^in. radius and the 
inner ones to Jin. ; the heads taper from ifin. to ifin. 
towards the web as shown. 

The Oil Cup is solid, with the rod 3^ by 3^ externally, 
and based out to 2fin. diam. inside. It is closed with a 
brass cover, screwed in through the centre of which is a 
feed hole tapped Jin. gas thread for a wooden or cork plug. 

The Small-End bearing is 3jin. by 3JI (pin 3^) in. The 
adjusting wedges arc of steel and are grooved into each 
other as shown, and the bush has a projection ifin. diam. 
which fits into (without bearing at the bottom) a recess 
bored in the wedge. The moving wedge block is threaded 
on a bolt lin. diam. which is locked by a washer 2^in. sq., 
which fits over the hexagonal head of the bolt, and is 
prevented from turning by a ridge across the rod as shown. 
The washer is secured by a -^ split pin. The smallest 
section at the front end of the eye of the rod is ijin. by 

Coupliug-Rod, fig. 28. This is of steel 7ft. 3in. long 
between the centres. The driving bearing is 6jin. diam., 
and the leading bearing is 5 Jin. diam., both being 3^ 
(pin 3}) in. long. The bushes at both ends are of gun- 
metal lined with white-metal ^in. thick, and which in four 
places is the full length of the bearing as shown. The 
bushes arc prevented from turning by steel keys slightly 
riveted over at the ends, and by } steel set-screws the ends 
of which project into the white-metal. The eyes of the 
rod are 12} and loin. diam. respectively by 2jfin. 

The Rod is machined to an I section, the depth of 
which tapers from 4|in. . at the driving end to 5^in. at 
the middle to 4|in. at the other end, and the width of 
the heads 2jin. ; the web is Jin. thick, the fillets from 
the heads to the web are ^in. radius, and all the corners 
are rounded off to |in. radius. The lubricators arc solid 
with the rod, and are in all respects similar to those of 
the connecting rod above mentioned. 

The driving-end of the coupling rod is retained on the 
pin by the connecting-rod, which is retained by a large 
steel flanged nut screwed (6 threads to the inch) on to 
the end of the Crank-pin, and a pin tapered at i in 48 is 
put through the nut and pin radially, its small end being 
split and opened as shown by the drawing of the 

Crank and Coupling Rod Pins, ?ig, 29, which are tapered 
at I in 50 in the wheel, and riveted over as shown. The 
Crank and Coupling-rod Pins arc of steel. 

The small end of the coupling rod is retained on its 
pin by a steel washer 7jin. diam. screwed by a left-hand 
thread (6 per inch) into the end of the pin. The washer 
is recessed and has a hexagonal hole in its centre, and 
into this fits a washer (2/^ over flats), which has a square 
hole in its centre that fits the square neck of a ^ steel stud 
tapped into the centre of the coupling-rod pin, and is secured 
in its place by the hexagonal nut of the stud. A Jin. split 
pin is put through the end of the stud as shown. The end 
of the stud does not project beyond the face of the washer. 
{To he continued.) 



Train Protection on American Railways. 

The twenty-first annual report of the Intestate Commerce 
Commission is the latest issued, and by it we learn that the 
railways of the United States on June 30th, 1906, consisted 
of: — Single lines, 222,340*30 miles; double lines, 17,936*25 
miles; three lines, 1,76607 miles; four lines, 1,279*6(5 miles; 
sidings, 73,760*91 miles, or a total of 317,083*19 miles of 
road. 

Within the last few weeks a Return has been issued by the 
Commission as to the mileage protected by automatic signals 
or the block system on December 31st last, and which states 
that there were 151,455 miles open for passenger traffic. 

Of these, 10,803 niiles were protected by automatic signals, 
and 47,875 by the block system. 

The various systems of automatic signalling are in use as 
follows : — 497'6 miles are equipped with clockwork signals; 
1,838 with disc signals; 416*7 with electro-pneumatic signals: 
7,143*9 with electric motor signals; and 923*1 miles with 
electro-gas signals. These figures include 16*3 miles on the 
Philadelphia and Reading RR. that are purely goods or 
mineral lines. 

The Return shows that of the mileage protected by block 
systems 40,040*3 miles have Morse telegraph instruments; 
3,286*8 miles telephones; 838*5 miles (722*1 miles are on the 
Erie) electric bells; 6,179 miles manual-control — lock-and- 
block — and 234 miles electiical train-staff. Of the 6,179 
miles protected by manual-control 5,240*3 miles have no 
track-circuits, 726*7 miles have track circuits at stations, and 
212 miles are track-circuited throughout. The total of these 
(50,578*6 miles) does not agree with the total quoted above 
(47,875*7 miles), but no explanation is given as to the dis- 
crepancy. 

It should be noted that owing, principally, to both State 
and Federal legislation having made it illegal for any tele- 
graph operator to be employed for a longer period than nine 
hours at a stretch the telephone is now being extensively em- 
ployed for block purposes. In case our readers should con- 
demn this method on the grounds that there is no visual in- 
dication of the signals given and received, we would remind 
them that the same objection applies to all forms of block 
used in America except the manual-control. But any 
** system" is better than none. 

Of the 47,875 miles protected by the block system, on only 
10,039*9 miles is absolute block-working employed for all trains. 
Permissive working is allowed on the remaining '^'^ per cent, 
of the lines, but on a good many of these absolute working is 
required for passenger trains. 

Of the companies possessing more than 2,000 miles of 
passenger lines the percentage protected by the block-system 
or automatic signa'fs is as follows : — Atchison, Topeka and 
Santa F^, 19*9; Atlantic Coast Line, 14*1; Baltimore and 
Ohio, 35*6; Boston and Maine, 13; Chicago and North 
Western, 4 14; Chicago, Burlington and Quincy, 98*7; 
Chicago, Milwaukee and St. Paul, 70*2; Chicago, Rock Island 
and Pacific, 15*3; Great Northern, 5*2; Illinois Central, i8*8; 
Louisville and Nashville, 13; Missouri Pacific, 7*3; New York 
Central, 99*5; New York, New Haven and Hartford, 46*4; 
Northern Pacific, 22*7; Pennsylvania, 69*8; St. Louis and San 
Francisco, 8*i; Seaboard Air Line, 8*6; Southern, 26*9; 
Southern Pacific, 32*2; Union Pacific, 40*8. 

Some of the above records do not read well, but only 
three or four years ago they were worse. During the fifteen 
months prior to the end of last year no less than 5,959*4 miles 
were equipped with the block system and 3,976*1 miles with 
automatic .signals. Of the latter figures 2,331*1 miles were 
for single lines. It may further be remarked that Mr. Krutt- 
schnitt, the director of maintenance for the Harriman lines, 
informed the writer as recently as last May that the Union 
Pacific and Southern Pacific companies were just finishing the 
largest and most complete installation of automatic signals in 
America, namely, the equipment of about 4,700 miles of road, 
of which nearly 4,000 are completed, and that, during the 
last ten years, those two companies had spent on safety 
devices of all kinds no less than 12,000,000 dollars. 
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Portable Oil-Gas Compressors for Train Lighting. 

In countries, such as India, where the railways extend very 
much further from the base than is the case in this country 
the cost of recharjifing- oil-gfas reservoirs, either on the 
carriages or at stations, has been more costly than it other- 
wise would be, because all the gas cannot be taken from 
the travelling holders. 

The ordinary maximum pressure in the tanks under the 
carriages is 7 atmospheres or approximately 105 lbs. per 
sq. inch, and the pressure in the travelling or storage holders 
is ten atmospheres or 150 lbs. per sq. inch. 

When gas is drawn from the high pressure holder to the 
carriages it follows that the pressures will balance when the 
gas in the former is reduced to a pressure of 105 lbs., there- 
fore there is a considerable quantity of gas in the holders 
which is returned to the gas works. With the object of 
reducing this waste haulage of gas-tanks Pintsch's Light- 
ing Company have introduced a compressing pump, driven 
by a Tangye gas engine, which can be fixed to the travelling 
holder or placed by stationary holders at outlying stations, 
and several of them have been supplied to the Indian Rail- 

I» ways. , ^ • I 

The accompanying illustration shows a traveling holder 
as supplied to the Eastern Bengal, metre gauge system. 



Portable Oil-Gas Compressor. 

The holders are made seamless, so that there can be no 
loss by leakage at the points, due to constant vibration, as 
is the case with rivetted holders. The tank in this case is 
i8ft. long by 6ft. diameter, with a capacity of 5,040 cubic 
feet at a pressure of 10 atmospheres. The underframe is 
24ft. 6in. long, mounted on six wheels, with a total wheel 
base of i6ft. 

The gas engine and compressor, on one bed plate, are 
fixed at one end, and can be used to compress gas into 
stationary holders or into those under the carriages. 

On the North- Western of India and other standard 
(Indian) gauge lines three holders, 19ft. 4in. by 4ft. 2in. dia., 
having a total capacity of 7,500 cub. ft. at 10 atmospheres, 
are placed on one underframe, one holder being placed above 
and between the other two. The four-wheeled truck is 24ft. 
long and the wheel base i6ft. 

Gas is drawn from one cylinder first, and when the 
pressure is reduced gas from either or both of the others 
can be compressed to the required pressure into the last 
holder and finally, if necessary, into the stationary holders 
or into those under the carriages. 



Permanent Way.— L 

In a series of articles under the above title it is intended 
to treat of the constituents that make up the conglomerate 
*' Permanent Way," viz. : — ballast, sleepers, chairs and 
fastenings, rails and joints, points and crossings, junctions, 
crossovers, slips, catch-points, ground levers, etc. These 
constituents will be dealt with in detail and fully illustrated, 
as they vary consfderably on different railways. Several of 
them offer wide and interesting fields about which compara- 
tively little has been written in recent years, during which 
the ever-increasing weights of locomotives, the speed, fre- 
quency and weights of trains and the introduction of electric 
traction have caused engineers to give much more attention 
to the strength and condition of the roads under their charge. 

Thus under the heading Ballast will be considered the 
varieties of stone and other materials used for top and 
bottom ballast, stone breaking plants, ballast wagons and 
spreaders. The consideration of Sleepers naturally includes 
those of wood, metal and the more recently introduced 
material ferro-concrete, the dimensions of sleepers, whether 
cross or longitudinal, the woods used and their preservation 
by creosoting, chemical and other processes. On Rails and 
their manufacture much has been written and their sections 
and chemical composition have been recently standardised. 
This standardisation is more useful to foreign and colonial 
buyers and small consumers generally than to large railway 
companies, the size of whose orders compels rollers to 
supply exactly what experience has taught permanent-way 
engineers best suits the particular climatic and other con- 
ditions of their railway without being mulcted in extra 
charges. The handling, bending and cutting of rails and 
the tools and appliances used in connection therewith are 
all matters of interest to the engineer. The full considera- 
tion of Points and Crossings, built up and solid, must cover 
not only their design but the steel and rail sections, and 
also the special machine tools used in their manufacture. 
The patterns of chairs and sole-plates and of keys, trenails 
and other fastenings vary on nearly every railway. All of 
them are required in large quantities and some pass through 
several processes and require special machine tools to reduce 
the cost of their manufacture. No part of the permanent- 
way gives the engineer more cause for anxiety than the 
joints of the rails, and the variety of fish-plates, fish-bolts 
and patent joints is legion : some of the last have been 
used in quantities, with more or less successful results. 

The permanent-way of British railways is generally ad- 
mitted, by impartial engineers whose opinion is worth atten- 
tion, to be the best in the world. There are, in the Eastern 
States of America, hundreds, perhaps thousands, of miles 
of equally good **road. '* The writer has been over it all 
many times. The salient differences between British and 
American permanent- way are that in the former the rails 
are keyed into chairs fastened to the sleepers with the rail- 
joints opposite, and in the latter the flanged rails — with 
sole-plates between the rail and the sleepers — or ties as they 
are termed in America — are spiked direct on to the sleepers. 
On the merits and demerits of these two systems much 
has been said and written — the most blatant critics, be it 
remarked in passing, not being engineers, but those who 
have never had a yard of line in their charge. Among 
engineers the advocates of both systems generally leave off 
where they began, neither side being convinced. This is»> 
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of course, for old countries with a ** ready-made *' traffic. 
The writer will endeavour to collate the best opinions and 
sum them up in a convenient form for reference. 
Width of Formation, 
For the purposes of these articles it may be assumed 
that the work of the permanent-way engineer commences 
where that of the constructing engineer leaves off, viz. : — 
at the formation which is the top of an embankment or the 
bottom of a cutting, rammed, consolidated and levelled off 
from the centre-line to either side. On most lines this is 
done at an angle of about i m 30 — like a flat table — the 
object being to throw off the rain which passes through 
the ballast and allow it to drain into the side-ditches and 
take the fine dust with it. The formation being once 
thoroughly consolidated by time and traffic, engineers do 
not like it to be disturbed, and when the cross-sleepers were 
substituted for the longitudinal baulks on the Great Western 



Illinois Central Double 34 o 46 6 

,, ,, Single -20 o 32 6 

Lehigh Valley Double 32 o 32 o 

n »> Single 19 o 19 o 

The details of these and other companies' Permanent 
Way will be illustrated, but in the meantime it may be 
remarked that the abnormal width for a cutting on the 
Illinois Central Railroad is due to their having a space of 
no less than 8ft. 6ins. from the toe of the ballast to the 
bank. The measurement given for the Wabash and the 
I.e. Railroad are for their best roads. For lines of less 
important traffic these dimensions are modified. 
Bottom Ballast. 
On the formation is then laid, by hand, the Bottom 
Ballast, which consists of large pieces of stone, generally 
not less than 3ins. cube nor more than 9 to i2ins. cube. 
But these sizes will depend somewhat on the kind of stone 
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Railway, particular care was taken not to disturb the hard 
bed on which the baulks had rested. 

The width of the formation varies on different lines. 
If Fig. I be referred to, and which gives the details of 
the practice of the Midland Railway, it will be seen that 
in a cutting the formation extends between the foot of 
the slopes on each side, all of which are levelled, and this 



Fig. 2. 

allows a space of about 4ft. between the end of the bal- 
last and the slope. On an embankment the formation 
extends to about 4ft. beyond the end of the ballast. 

The standard widths for double lines for their forma- 
tion adopted by a few typical companies are given below : — 

Railway Embankment Cutiing 

L. and North Western 30 o 30 o 

Midland 33 o 30 o 

Great Northern 30 o 28 o 

Pennsylvania Double 32 8^ 36 8J 

„ Single 19 8i 23 8i 

Phila*. and Reading Double 31 6 33 o 

,, ,, Single 18 6 20 o 

Wabash Double 31 o 41 o 

„ Single 18 o 28 o 



which is convenient, or at a reasonable cost, available. 
The depth of the bottom ballast is generally about i2ins. 
From Fig. 2 it will be observed that on the London and 
North-Western Railway it is 2ft. in the middle from the 
bottom of the bottom ballast to rail level, and from 2 ft. to 
2ft. 6ins. at the sides, and is composed of hard stone,hand- 
packed. 

Fig. I shows that the bottom ballast of the Midland 
Railway is 9in. deep, except in cuttings on the straight. 
It is of stone or slag broken to pass a ring 9ins. diameter, 
but not to pass a ring 3ins. diameter. It is placed by hand 
and the depth from rail level to the bottom of the bottom 
ballast is 2ft. in all cases except in cuttings on the straight, 
where it is ift. 9ins. in the centre and 2ft. 3ins. at the 
drain. 

Fig 3 gives details of the Great Northern Railway road 
bed. It will be observed that the formation falls from the 
centre line to the edge. The centre line is 2 ins. above the 
average formation level and the sides are 2ins. below. The 
bottom ballast is 8ins. deep, and formed of stone or slag not 
more than 6ins. on any face. The depth from rail level to 
the bottom of the bottom ballast is ift. loins. in the centre 
and gradually increases to a depth of 2ft. 2ins. On a curve 
the depth is increased to 2ft. 4^ ins. on the outside. 

In cuttings the bottom ballast is spread over the whole 
width of the formation. On embankments on the London 
and North-Western Railway it is spread for a width of 
26ft. ; on the Midland Railway 24ft. 8ins. ; and on the Great 
Northern of 25ft. 3ins. 
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Top BallasL 
On the foundation made by the bottom ballast, the top 
ballast is laid at a depth of from 6in. to i2in. On the 
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London and North-Western Railway it has to be of a 
quality equal to the best road metal. The pieces must be 
capable of being passed through a ring 2ins. diameter inside ; 
90 per cent, must pass through a ring i^ins. diameter 
inside, but not through a ring ^in. internal diameter. Not 
more than i per cent, must be capable of being passed 
through a sieve Jin. mesh. Granite or blast furnace slag 
are to be used for top ballast. On the Midland Railway 
the top ballast is of stone or slag, broken to pass a ring 
2jins. in diameter and not to pass a ring fin. diameter. 

On the Great Northern Railway the top ballast is of 
screened gravel or fine broken slag from ijins. to Jin. in 
size. 

Most British companies level the top ballast with the 
top of the sleeper, but the Great Northern cover the sleeper 
for a depth of lin. A foot of ballast is placed at the outside 
end of the sleepers on most, if not all, lines, and the space 
between the inner ends is filled level with the top of the 
sleeper. 

As to America, the Manual of Recommended Practice 
of the American Railway Engineering and Maintenance of 
Way Association says : — 

** While there is great variation in the qualities of the 
different natural materials for ballast, the choice of these 
qualities is not usually left to the engineer but has been 
made already by nature, and all that is left to decide is what 
is most available or most expedient. This each one must 
decide for himself in the light of his own circumstances. 
The question of finance may be a ruling consideration or 
there may be but one thing to be had, and he must take 
that or nothing. In the case of crushed rock, however, the 



process of manufacture being under control, it is practicable 
to make the product conform to specifications.'* 

The specifications as to stone ballast recommended by the 
AssoiMation are (a) Stone shall be durable 
enough to resist the disintegrating in- 
fluences of the climate where it is used. 
(b) It shall be hard enough to prevent 
pulverizing under the treatment to which 
it is subjected, (c) It shall break in 
angular pieces when crushed, (d) The 
maximum size of ballast shall not exceed 
pieces which will pass through a screen 
having 2in. holes, (e) The minimum size 
shall not pass through a screen having 
Jin. holes. The specifications recom- 
mended for gravel, cinders and burnt 
clay arc as follows : — 

Gravel should be screened or washed 
where prevention of dust is an object, 
but this need not be done where the 
character of traffic is such that dust is 
not particularly objectionable. It is re- 
commended that gravel be screened or 
washed where the proportion of sand or 
clay exceeds 50 per cent. The minimum 
size should be such as is retained on 
screens of 12 meshes per inch. By this 
is meant the size pebble that would be 
retained in a thorough, careful test. The 
uses of cinders as ballast is recommended 
for the following situations : On branch lines with 
a light traflSc; on sidings and yard tracks near 
point of production; as sub-ballast in wet, spongy 
places ; in cuts on fills ; as sub-ballast on new works 
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where dumps are settling, and at places where the 
track heaves from frost. It is recommended that 
provision be made for wetting down cinders immediately after 
being drawn. Burnt clay should be black gumbo or other 
suitable clay, free from sand or silt. The suitability of the 
material should be determined by thorough testing in a small 
test kiln before establishing a ballast kiln. The material 
should be burned hard and thoroughly. The fuel used should 
be fresh and clean enough to burn with a clean fire. 
It is important that a sufficient supply be kept on hand to 
prevent interruption of the process of burning. Burning 
should be done under the supervision of an experienced .md 
competent burner. Ballast should be allowed to cool befon; 
it is loaded out of the pit. Absorption by water should not 
exceed 15 per cent, by weight. 

Fig. 4 shows the recommended practice of the Engineering 
and Maintenance of Way Association for three different 
classes of road. Class A is for use only on the firmest, 
most substantial and well-drained road-beds. 
(,To be continued.) 



50ft. Corridor Passenger Brake Van ; Caledonian R. 
We illustrate one of six 50ft. Corridor Brake-Vans for 
passenger trains recently built to the designs of Mr. J. F. 
Mcintosh, locomotive carriage and wagon superintendent 
of the Caledonian R., at the company's works at St. Rollox, 
Glasgow. 

These Brake-Vans are 6ins. wider and 2ft. longer than 
any previously constructed for the company. Their bodies 
are 50ft. long, 9ft. wide at waist, and 7ft. Q^in. high from 
floor to ceiling. 

We shall illustrate these Vans more completely at a 
later date, but in the meantime the following particulars, 
which Mr. Mcintosh has kindly supplied us with, will be 
useful : — 

The cross section of body (as well as the side elevation 
both as regards panelling and painting) is similar to that 
of the 65ft. ** Grampian " Corridor Coaches, which this 
new class of Van will match and work with when required. 

The floor for a distance of 20ft. from each end slopes 
towards the longitudinal centre, along which is a 2 by i 
gutter, communicating with three drain pipes. 

There are four double doors on either side, and a central 
door for the guard opening inwards. In the guard's en- 
closure, which is partitioned with glazed screen, are two 



side seats, under which are placed storage heaters and a 
locker for valuables. 

The electric light is supplied by an axle-driven dynamo 
and accumulators, there being six double roof lights, two 
guard's lights and two side lights. 

The internal fittings include electric bells, cycle racks 
and straps, and ** Havock " ventilators. The Westing- 
house, vacuum, automatic and hand brakes are fitted. 

The underframe is of composite construction. The side- 
soles, headstocks, bogie and centre cross-bearers are of 
steel channels 9 x 3J x 3J x J, and the intermediate cross- 
bearers are steel angles 3 x 3 x i. The cross-bearer from 
which the dynamo for lighting is suspended has its lower 
member of 4^ x 2^ x J section. The longitudinals and 
diagonals at headstock are of oak. 

The four-wheeled bogie frames are of pressed steel. 
1 he wheels are 3ft. gin. diam., and have steel centres. 
The journals are 9^ x 4. The axle-box bushes are of 
gunmetal, lined with white metal. Wheel-base of bogies 
8ft. and of the van 42ft. 6in. 

Tare of Van, 24^ tons. 



Distribution of Current to Trains on Electric 
Railways.— VII.* 

The Impossibility of Track Conductors for Tivo and Three 

Phase Workings except for the Return, 
It may be as well to consider the reasons why the use of 
track conductors for two and three phase working is im- 
possible. One reason has been given above, in connection 
with single phase working. As explained, single, two and 
three phase working is employed, principally because it en- 
ables the pressure to be raised and currents to be distributed 
easily and conveniently at high pressures. But with high 
pressures the question of insulation becomes a more and 
more difficult one, and it would be, with present appliances 
and under present conditions, practically impossible to pro- 
vide sufficient insulation, with the high pressures that have 
been named, if even a single phase system of track con- 
ductors were employed. With two or three phase track 
conductors the difficulty becomes very much increased, be- 
cause the space available being strictly limited, and there 
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being no means of increasing it, in the great majority of 
cases, in railway working, the space available for insulation 
has to be divided up into two or three, as the case may be. 
In addition to this, the cases of sidings, crossovers, switches, 
etc., even if the other difficulties could be overcome, would 
render it absolutely impracticable. With continuous cur- 
rents, and 500 volts, the matter of switches and crossings 
is dealt with with comparative ease, but when it is remem- 
bered that with two and three phase currents each of the 
phases must be switched, quite independently of the others, 
and that the switching must be so arranged that each phase 
is well insulated from the others, and from the earth, in 
every position, and is so guarded that dirt, wet and the 
numerous things which happen on a railway cannot materially 
reduce the insulation, the difficulty of the problem will be 

seen. 

On the other hand, with overhead conductors, though 
the problem is by no means so simple as it may appear to 
outsiders, it is comparatively simple, compared to the prob- 
lem involved when track conductors are employed. It will 
be understood that in all overhead conductor work the con- 
ductor has to follow the train, or the tram, wherever it is 
required to go, and where switches or turnouts are fixed in 
the tracks, switches and turnouts have to be arranged in the 
overhead conductors, so that the trolley collector can follow 
the variations in the direction of the track. This leads, of 
course, to a certain amount of complication, wherever two 
overhead conductors are employed, and still more where 
three are employed. It will be remembered that in the 
arrangement of three phase working, with two overhead 
conductors, and the track or a conductor on the track for 
the third phase, the full pressure of the system, 3,000 volts 
or 6,000 volts, exists between the two overhead conductors, 
and between each of the overhead conductors and the track, 
and therefore all the switches, turnouts, etc., of the overhead 
conductors must be arranged so that the insulation between 
the two conductors is always sufficient to stand the highest 
pressure that may be met with in all positions of the switch. 

A point that is of importance had better be mentioned 
here. The pressure between the conductors of the three 
phase system, or between the conductor and the ground of 
a single phase system, is not the highest pressure to which 
the insulation of the system may be subject. The induction 
that has been mentioned in a previous portion of the articles 
acts in a somewhat peculiar manner to produce a very large 
increase of pressure when the system is relieved of a large 
portion of the load. The action referred to is what Faraday 
called the extra current. It may be explained as follows. 
When a pressure is applied to a conductor the current does 
not immediately pass through the whole of the conductor. 
It does not pass through the conductor until an electro 
magnetic field has been created round the conductor through- 
out its length. When the pressure is removed the energy 
employed in creating this magnetic field returns to the 
conductor, and creates, momentarily, a very high pressure. 
This is the simplest case. The same thing occurs to a 
smaller extent with a sudden decrease of load. This is the 
reason for the peculiar feature in connection with alter- 
nating currents that has been mentioned in a previous article, 
the power factor. As the strengths of alternating currents 
are constantly changing, induction is constantly taking place 



in the coils carrying the currents. But it may be taken that 
the same action is met with when a large portion of the load 
is removed as with the simple single current referred to 
above, and that the insulators employed, and the insulating 
system, whatever it may be, must be able to stand the 
momentarily increased pressures, and in particular to with- 
stand the greatly increased ability to spark through them. 

The insulation provided for conductors carrying electric 
currents is subject to two strains There is a constant leak- 
age of current through the insulating material in the case of 
a cable, and through the insulating substance of an insu- 
lator in the case of a naked conductor, and also over the 
surface of the insulator in the case of the naked conductor. 
In addition to this, the insulator, whatever its form, is sub- 
ject to sparking through its substance. The extreme form 
of the spark is one we are all familiar with, though not so 
much in this country as in tropical and sub-tropical countries, 
viz., the lightning flash. Every substance opposes a certain 
resistance to the passage of a spark through it, or, put in 



Fig. 30 —Example of the bow collector used on the Continent. The 
Ulustration u of a car on the Amsterdam- Haarlem Railway. 

another way, there is a certain breakdown pressure for every 
substance, at which a spark will pass through it. When a 
spark passes through the insulating material of a cable the 
insulation of the cable is destroyed, and the cable is rendered 
useless until that portion is cut out. The insulation of the 
system therefore must be so arranged that in every position 
of the switch, and under all conditions of working, the leak- 
age current is small, and the ability to resist sparking is 
sufficient to meet the very highest induced pressure that may 
arrive. 

There is not space in these articles to detail the arrange- 
ments for switching the trolley conductors. It may be 
taken, however, that they closely follow the switching 
arrangements of track rails. When a train has to leave one 
track for another the overhead trolley wire is switched, so 
that the collector carried by the train follows the trolley wire 
over the new track on which the train is running and there 
finds the supply of current, just as in the track it has just 
left. And this applies to continuous current, single phase, 
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two phase and three phase, bearing* in mind, of course, that 
where there are two trolley wires overhead both have to be 
switched when required. 



overhead wire, under all conditions, round curves, up and 
down hill, etc., will answer the purpose. With main line 
service and with fast train service the question of speed has 
also to be taken into account. In order that the current 



Fig. 31. — Electric Motor car used on some of the Swiss Railways. The 
collectors can be adjusted to any height and any angle. 

The Support of the Trolley Wires for Two and Three Phase 

Services, 
The introduction of two trolley wires overhead brings 
additional factors into the problem involved in delivering the 
current from the overhead conductor to the train. Where 
there is one conductor only overhead the problem is com- 
paratively simple. Any collecting device that will follow the 



Fig. 32. — Westinghouse- Baldwin Electric Locomotive for heavy goods traffic 

with Pantograph collectors. The overhead conductors have also the 

Westinghouse double catenary suspension. 

shall pass from the overhead conductor to the collecting 
device on the train, and thence to the motor, etc., it is 
necessary that a firm contact shall be made between the col- 
lector and the overhead conductor, and that this firm contact 
shall be maintained under all the conditions of the service. 
With the comparatively low speeds of electric town tram- 
ways, there is no difficulty in maintaining firm contact he- 



Fig. 33.— Three Phase Electric Locomotive made by Messrs. Gan«, of Bnda-Pesth. The rectangular collectors are shown lying down. When 

in nse they are raised to any desired angle above the car. 
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tween the trolley wire and the wheel at the end of the trolley 
pole, with comparatively simple conditions of construction. 
But with the fast speeds of main line and suburban trains the 
contact is not so easily maintained, unless great care is 
taken with the collecting apparatus and the overhead con- 
ductor itself. It should be remembered that the overhead 
conductor is subject to several strains. There is the neces- 
sary pressure of the collector on the train against the con- 
ductor as the train passes, and there is the variation in its 
length produced by the expansion and contractions with 
variations of atmospheric temperature. In particular, dur- 
ing some winters there is a very special snowstorm, which 
brings very great trouble upon all overhead conductors. The 
snowstorm in question comes to us usually in front of a stiff 
northerly wind. It is a very cold wind, and it is fairly 
charged with moisture, which it delivers in the form of snow. 
But the striking feature about the storm is, the snow which 
settles, say, on telegraph wires, trolley wires, etc., and which 



conductors the relative position of the two must be main- 
tained uniform, so that the collectors upon the train can 
always make sure of obtaining^ their current. 
The Catenary System, 
The above requirements have led to the development of 
what is called the Catenary system. In place of, and in 
some cases in addition to the arrangement described in a 
previous article, of suspending steel wires across the track, 
what is called a messenger wire is suspended over the track, 
parallel with and above the trolley wire. The messenger 
wire is arranged mechanically to support the trolley wire, 
under all conditions, at one level. The messenger wire is 
itself insulated, and the trolley wire is suspended from it by 
hangers of varying lengths, a few feet apart, the distance 
between the hangers varying with the conditions. This is 
what is called the single Catenary system. The Westing- 
house Co. have also developed a double Catenary system, in 
which there are two messenger wires, usually of stranded 



I^ig* 34* — Collector used by The Oerlikon Co.'8, arranged to collect from 
wires by the side of the track, 
r 

is melted by the impact of the snow driven by the force of 
the wind against the wires, instantly freezes, the frozen 
mass forming a bed for a further deposit of snow, the result 
being that the wire quickly acquires a shell of ice, some- 
times as much as an inch in diameter. The contractile force 
of this mass of snow, added to its weight, and the resistance 
it offers to the wind which has deposited it, all tend to bring 
a very heavy strain indeed upon the wires. Fortunately this 
storm only comes once every few years, but when it does 
come the damage it does to telegraph and telephone wires 
is enormous. In one year the United Telephone Co. of those 
days suffered damage to the extent of ;^30,ooo to its over- 
head wires in London, and in the same year the telegraph 
wires by the side of the Great Western R. were also damaged 
to the extent of several thousands of pounds. This is, of 
course, the extreme case, but contractions in cold winters, 
and in cold districts, must be provided for, and expansions 
in hot weather also. Further, when there are two overhead 



^^' 35.— Collector used by The Oerlikon Co.'s, arranged horizontally 
under the overhead conductor. 

steel, stretched above the position of the trolley wire, and 
the latter is suspended below and between the two mes- 
sengers, the three wires forming an acute angled triangle. 
For two overhead conductors two steel messengers or two 
pairs of steel messengers are suspended over each track, 
and from them the two trolley wires are hung, as described. 

The development of the Catenary system of suspension 
has led to its adoption for single phase wires in place of the 
simple system described in a previous article. In some rail- 
ways it is arranged to keep the trolley wires stretched tight 
by a balance weight, the wire, as before, being suspended 
from the messenger by hangers. 

Collecting Devices, 

The collecting devices employed for train service with 
overhead conductors have also been developed. Quite early 
in the history of electric traction the trolley pole and wheel 
was superseded on the Continent by the bow form of col- 
lector, consisting of a rectangle of wire carried above the 
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car and arranged to swing to and fro, as required by the 
movement of the car, without the necessity of turning it 
round, as is required with the fish pole trolley. The rectan- 
gular bow conductor has been developed in various ways, 
forms of which are shown in figs. 30-35. The great object in 
all forms, it will be understood, is to provide a firm contact 
between the collector and the trolley wire, and an easy trans- 
mission of the current to the regulating apparatus and 
motors on the car. Any inequalities in the contact leads to 
sparking, and at the high pressures carried the sparking 
would have a very serious effect upon the life of the trolley 
wire. 

Delivery of Current to the Trolley Wire with Two and Three 
Phase Currents » 
The current is delivered to the trolley wires with two and 
three phase currents, whether there are one, two or three 
overhead conductors, in exactly the same manner as with 
single phase currents. The current is generated at any con- 
venient spot, and feeder cables are carried from the genera- 
ting station to distributing points, where they are trans- 
formed to the working pressure, at which they are delivered 
to the trolley wires by the usual feeder cables. The tendency 
is to gradually increase the generating pressure, just as 
it is to increase the trolley wire presure. The 
generating pressure is, in fact, largely the dominant factor 
in the problem of the distribution of electric currents to rail- 
way trains. The higher the pressure the greater the distance 
over which currents can be economically delivered, and the 
distance increases, as already explained, as the square of 
the pressure. It follows, therefore, that providing the pres- 
sure can be made high enough, the generating station can 
be where for other reasons it is most economical, as where 
coal IS cheap, water abundant, and the problem of the dump- 
ing of ashes is not troublesome. Generating pressures of 
20,000 volts for railway work are now common, and, as in 
America, pressures of 80,000 volts are being employed for 
carrying the power from waterfalls, or the great rivers, to 
industrial centres, it is more than probable that these pres- 
sures will be adopted for railway work as time goes on. 



lever h^ are preferably connected to the members of a ball or other 
like clutch of known form and indicated by fi^, so that the move- 
ment of the arm cannot take place other than by operating the 
lever /i'. By this means the accidental movement of the window 



Recent Patents Relating to Railways. 

Thesb abridgments of recently published specifications are 
specially compiled for this review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C, from whom copies of specifications can be obtained 
at an uniform price of Sd, each. 

Raising Carriage Windows. 19,334. 28th August, 
i9oy. W. E, Laycock, Victoria Works, Millhouses, 
Sheffield. 

This invention is applicable to windows in which the frame con- 
taining the glass or the glass itself where no frame is employed, 
is of great width, such for example as those employed in saloons 
or restaurant cars. Near its ends the frame or glass is supported 
by lazy tongs, such as c / or t t. The lower ends of the tongs 
have secured to them springs g g^, or are contained within a suitable 
casing, such as g^, and connected to the lazy tongs, which are 
pivotally secured to the casing. The springs, shown by dotted 
lines in the drawings, are arranged so that they are extended 
and have a tendency to urge the tongs upwards, thus counter- 
balancing the weight of the glass b. By this means the effort to 
raise the window is reduced to a minimum. Also secured to the 
frame a is a third bracket h to which is pivotally connected one 
end of a link h^ the lower end of said link being connected to an 
arm fi' operated by a hand lever M disposed upon the outside of 
the recess containing the lazy tongs and for which a guide, such 
as h* shown in dotted lines, may be provided. The arm h^ and the 
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is prevented. Instead of connecting the link h^ to the window, it 
may be connected to a crossbar ; joining the lazy tongs. (Accepted 
23fd Aprils 1908. 

Central Buffers and Couplings. 8,362. loth April, 
igoy. G. Johnston, 16, Balmoral Road, Fairfield, Liverpool. 
The buffer head V is provided with a flat face B having a bell 
mouthed rectangular hole right through it on one side of the centre 
line, and a drawhook C on the other side of the centre line. 
Verticle coupling bolts D engage the drawhooks C, and are 
raised to release the hooks by rods 4 provided with handles 5. In 
shunting operations the bolts D are prevented from falling down 
to engage the coupling hooks by turnmg the handles 5 of the rods 
4 so as to rest on abutments 6. Each rod is provided at the bottom 
with a finger 20, which overruns and passes under the bottom 
end of the coupling bolt D of the adjacent buffer when two 
vehicles come together. Consequently if the handle 5 be raised, 
the upper end of the rod will lift one of the coupling bolts, while 
the projecting finger will lift the other coupling^ bolt. A guide 
box 8 is fixed in the headstock 3 of the vehicle through which 
a socket or sleeve 9 passes, the internal size of the socket forming 
an easy fit for the draw or buffing bar N to pass through. The 
front end N^ of this draw bar N is semicircularly shaped to fit 
into a corresponding cavity in the rear end 10 of the buffer head V, 
and the draw bar end and buffer head are coupled together by 
a pivot pin O. The forward end of the socket or sleeve 9 is 
recessed at 11 or formed as a seat for the rear end of the buffer 
head V to abut against, and a spring S is provided on the draw 
bar, secured by a gib 21 and washer 22 in such a manner that 
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this spring pushes the socket; or sleeve forcibly against the 
rear end of the buffer head V and holds the buffer normally in 
alignment with the draw bar N. The buffing force is com- 
municated through the buffer head direct to the draw bar end 
and thence to a buffing spring or springs X, the hole 12 for the 
pivot pin O in the draw bar end being slotted to the rear to prevent 
any shearing strain upon the pin. The tractive force is received 
by the pivot pin O, draw bar N and draw spring or springs. The 
object of the spring S at the rear of the socket or sleeve 9 is to 
force the sleeve 9 tight against the rear of the buffer head V and 
keep it normally in alignment with the draw bar. If, however, 
the buffer be turned on its pivot pin, the sleeve q is depressed 
against its spring S, but the spring S restores the buffer into 
alignment again directly the force that turned the buffer is 
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removed. Furthermore, as the hole 12 for the pivot pin in the 
draw bar ertd is slotted to the rear, the buffer head is capable of 
movement in a vertical arc as well, so that if two vehicles on 
coming together are unequally loaded, the nose of the hook which 
is on the lower level, striking against the bottom edge of the bell- 
mouth A, will cause the buffer face to turn through a vertical 
arc, the slotted hole 12 and the shaping of the draw bar end 
permitting of this, thus the hook impinging against th<* adja'^ont 
bell-mouth, will bring the hook and bell-mouth of one buffer into 
alignment with the hook and bell-mouth of the other buffer, 
although the body of one of the buffers and its draw bar may be 
considerably below the other. The spring S abutting against the 
socket 9 does not take any part of the buffing force. The arrange- 
ment described allows of a true adjustment of the buffer faces 
when going round curves or when the vehicles are on an unequal 
plane. To enable the buffer to be coupled to a buffer of another 
type a block 14 is provided, having at one side of the centre line a 
hook 15 similar in shape to the drawhook C, and at the other 
side an opening" 16. At the front this block has a flange 14* 
with a hole 17 \n it, in which there is a link 18, or instead of a 
link, the block can be furnished with a hook. (Accepted qth 
April 1908). 

Fluid Pressure Brakes. 22,124. yth October, iqoy. 
The Westinghouse Brake Co,, Ltd., 82, York Road, King's 
Cross, London. Communicated by The Westinghouse Air 
Brake Co., Pittsburg, Pennsylvania. 

This invention provides a double brake system in which the brake 
is automatically applied in case of emergency with greater pres- 
sure than in service applications. Two brake cylinders are 
provided, preferably of that type in which the small cylinder 35 is 
carried on the large piston 33 within the large cylinder 14 and 
contains the small piston 34 acting against the brake cylinder 
spring 36 and the rod 40. The large piston head 33 is provided 
with a circular rib or projection ^8, which engages an annular 
gasket mounted in the large cylinder head and normally preserves 
a tight joint surrounding: the port 37, which leads through the 
head into the small cylinder and registers with the inlet pipe 
connection 12 for supplying air in service applications. Any 
suitable form of manually controlled device may be employed for 
governing the supply of air to and its release from the pipe 12 
leading to the small or primary brake cylinder, but such device 
may comprise an electric application valve device ha\nng a main 
valve casing 6, auxilliary valve casing 7 and electro-magnet 9, 
and an electric release valve casing 8 with its electro-magnet 10, 
the wires and circuits for all of the magnets on all the cars being 
extended through the train to a switch at the forward end of the 
head car or any other convenient location for operation by the 
motorman in charge. A supply pipe 11 leads from the reservoir 
5. or source of air pressure, to the electric application device, which 
comprises a main valve 20 operated by a piston 21 mounted in 
chamber 24 and controlling a port opening from supply pipe 11 
to pipe 12 leading to the primary brake cylinder. The piston 21 
is normally balanced as to fluid pressure by leakage of air around 
or through the piston to chamber 24, the valve being normally 
seated by a spring 23 and the additional area exposed to fluid 
pressure on the back of the piston. A port 25 leads from the 
piston chamber 24 to the regulating valve 27 which controls the 
release of air from said piston chamber to the outlet port 26, which 
may communicate with the brake cylinder pipe 12, or otherwise. 
The electric release valve body 8 may, for convenience, be mounted 
on the main valve casing 6, and a port 22 leads from the brake 
cylinder pipe 12 to the release valve 28, which is operated by the 
magnet 10 to control the exhaust from the primary brake cylinder 
to the atmosphere through exhaust port 29. When the system is 
duly charged with air under pressure and the application magnet 
9 is energised in the usual way for making a service application of 
the brakes, the small auxiliary valve 27 is pushed from its seat, 
thereby releasing air from piston chamber 24, whereupon the 
greater pressure acting on tne opposite side of piston 21 raises 
the valve 20 and opens the supply port to pipe 12 and the primary 
brake cylinder. When the switch is turned to break the circuit 
of the magnet 9 the valve 27 closes and the pressure quickly 
equalises upon opposite sides of piston 21, whereupon the spring 
acts to move the valve 20 to its seat and close the supply port. 
By the use of a small auxiliar>' valve for governing the pressure 
on the piston actuating the main valve a small magnet may be 
employed to control the device, while at the same time a large 
port may be quickly opened for supplying air to the brake cylinder 
in sufficient volume to charge the same with the desired rapidity. 
The brake cylinder pressure may be graded down, or released, by 
energising the magnet to and operating the relcii^e valve 28 in the 
usual way. In order to operate the brakes in emergencies, either 
automatically by the pulling apart of the cars in the train or 
manually by the motorman or conductor from any point in the 



train, an emergency valve device is provided for supplying air lo 
two brake cylinders or to a single larger brake cylinder than Is 
used in service applications for the purpose of giving a greater 
braking power in case of emergency. As shown, this emergency 
valve device comprises a standard quick action triple valve 15 of 
the Westinghouse type, connected in the usual manner to the 
automatic train line pipe 16, which extends through the train, 
and through which the wave of reduction in air pressure necessary 
for operating the brakes in emergency may be made, either 
automatically by a break-in-two of the train,' or by the opening 
of a brake valve or conductor's valve at any point in the train 
line. The valve chamber of the triple valve communicate)* by 
pipe 13 with the reservoir 5 and the brake cylinder port 32 leads 
to the large brake cylinder 14. In order to prevent an excessive 
braking pressure in the large cylinder, and to provide for con- 
trolling tne pressure therein according to the speed of the vchide, 
a blow-down valve device 17 may be connected to the brake 




cylinder and governed by an electro-magnet 18, the supply of 
current to which is furnished by an electric generator 19 driven by 
the axle or momentum of the vehicle. The valve 30 controls the 
blow-down of the brake cylinder pressure to the atmosphere 
through the outlet port 31 and is normally held to its seat by 
means of a spring 39 of the desired tension. Sand is auto- 
matically applied to the rails at each emergency application by a 
sanding device connected by a pipe with the emergency cylinder. 
{Accepted 23fd April, igoS))'. 

Permanent Way Switches. 20,40a ijth Sep- 
tember, iQoy. R. Bruce, 14^, Garrioch Road, MaryhiU, 
Glasgow. 

The switches are fitted with a spring bar d by which they are 
either automatically returned to the normal position after being 
operated, or are securely held in position at either side. This 
spring bar may be made in sections after the manner of a carriage 
spring, or it may be made in three sections, e, e, f, secured 
together by bolts g passing through slots, or oval holes to allow 
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of a slight amount of play, or it may be a smiple bar, and is 
jointed near its central part by a lug h to the free end of a short 
levdr I fulcrumed on a plate ;, which is secured on the central 
part of the sleeper k carrying the rails I and switches a. For the 
purpose of returning the switches a to the normal position after 
being operated, this lever i is made of such a length that when 
the switches are operated it moves into a position almost but not 
quite parallel to the rails I, as shown in dotted lines, and in doing 
so bends the spring bar d. When the drawbar c is released the 
spring bar d forces back the lever 1 to its normal position, carrying 
the switches o with it. For the purpose of holding the switches in 
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position at either side after being operated the lever i is made 
shorter, so that when the switches a are operated either way 
the end of the lever i passes the dead centre and is pressed down 
on either side of the centre by the spring bar d according as the 
switches a are moved, the different positions being shown in 
dotted lines. Instead of using a spring bar d the lever i may 
be jointed, as shown in Figure 6, by a connecting rod m to one of 
the switches a and a coiled or spiral spring n be connected to the 
lever end and to a point to one side of the lever t when it is 
desired to return it to the normal position, or, as shown in dotted 
lines, in line with it when it is in the position of being parallel 
to the rails when it is desired to hold the switches on either side 
after being set. {Accepted gth Aprils 1908). 

Electrical Locking for Signals. 26,^20, sth 
December, igoy. Siemens Brothers and Co., Ltd,, 12, Queen 
Anne's Gate, Westminster, Communicated by Siemens and 
Halske, Actiengesellschaft, 3, Askanischer, Plats, Berlin, 
5.1!'. 

This invention relates to electrical block apparatus in which the 
pressing down of the plunger rod moves the locking lever into 



rfc z 




its locking po*>ition and consists in providing a flexible^ and a 
rigid projection on the locking lever and corresponding projections 
on the locking rod so arranged that the movement of the plunger 



rod is transmitted through the spring only, but in the event of 
the s|)ring breaking down, then through the rigid projection. 
By depressing the plunger rod i the locking rod 2 is moved 
by means of the projections 3 and 4. A pin 5 is fixed to the rod 
2, which when moving in a downward direction depresses the spring 
7, which is fi.\ed to the locking lever 6. The locking lever 6, 
which turns freely on the pin 8, therefore moves into the position 
shown in Fig. 2, its upper end passing the notch in the spindle 9 
of the escapement segment. The projection 15 is thereby moved 
to the left hand or clockwise before it comes in contact with the 
projection 12 of the locking rod 2. If, however, the spring 7 is 
broken or otherwise becomes unserviceable the projection 15 will 
take up the function of the spring 7, in which case the move- 
ment of the locking lever will be effected, during the downward 
movement of the plunger rod, by the projection 12 coming into 
contact with the projection 15 of the locking lever. (Accepted 
22rd Aprily 1908). 

Slotting Signals. 13,426, loth June, igoy, J, S. 
Moore, g*;, Orsett Road, Grays, Essex, 

This invention relates to slotting or coaching apparatus for 
enabling two or more signalmen to jointly control a signal or 
signals. The intermediate lever 5, which together with the usual 
counterbalance levers 3, 4, is mounted on the signal post, carries 
a box or casing 9 arranged transversely of the levers 3, a, 5. 
Mounted on a spindle or pivot 10 projecting through the rear ot the 
box or casing 9 is a pawl or tumbler 11 which is in the form of 
a quadrant and which is rebated or cut away on its straight sides, 
the pawl being pivotted in the casing so that the apex ii» 
coincides with its axis of rotation; this pawl 11 being cut away 
at 12 and 12* provides shoulders 13 and ij» at right angles to 
each other. Slides or tappets 14 and 15 pivotted respectively to 
the outside and inside counter-balance levers 3 and 4, the upper 
ends of these tappets being formed with inward lateral projections, 
thus providing shoulders 14*, 15*. Assuming two signal cabins. 
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say A and B, and that the signalman in one of the cabins, say A, 
operates his lever, he will thereby operate one of the counter- 
balance levers, for instance, the outside lever 3, to the position 
shown in Figs, i and 4 ; by this movement of lever 3 the tappet 
or slide 14 is moved downwards in the casing 9 so that its shoulder 
I4», acting on the shoulder 13* of the pawl or tumbler 11, rotates 
the latter into the position shown in Fig. 4, with its shoulder 
13 engaging with, or in position to be engaged by, the shoulder 
i5» of the tappet 15, but no movement is given to the intermediate 
lever 5 by this operation and consequently the signal arm is not 
lowered to the safety position. When, however, the signalman in 
cabin B operates his lever, which is connected to the inside counter- 
balance lever 4, this lever 4 will be moved to the position corres- 
ponding with that of the lever 3 shown in Figs, i and 4, so that 
the tappet 15 will be moved downwards, and owing to its engage- 
ment with the shoulder 13 of the pawl 11, the casing 9 will be 
moved downward, and consequently the lever 5 will be moved to 
the position corresponding to that of the levers 3 and 4, Figs, i 
and 4, whereby, through the operating connection 8 to the signal 
arm, the latter will be lowered to the safety position. With the 
counter-balance levers 3, 4 and lever 5 in the safetv position the 
tappets 14, 15, and pawl 11 will again be in the position shown in 
Fig. 2, the casing 9 having been moved down so that its bottom 
is bearing on, or in position adjacent to, the levers 3 and 4, and the 
lever 5, and consequently the signal, are held in the safety 
position by the outer ends of the shoulders 14*, 15* of tappets 14 
and 15 bearing on the shoulders 13* and 13 respectively, of pawl 
II. As soon as either signalman replaces his operating lever in 
the normal danger position the signal is returned to that position. 
(Accepted gth Aprils 1908). 
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Fog Signalling Apparatus. 13,431. loth June, 
J907. H. Humphrey, $4, Market Place, Rorfiford, Essex, 
and J. C, Pain, A. Pain and P. Pain, 121, Walworth Road, 
London, 

An apparatus for placing detonators on the line comprises, accord- 
ing to this invention, a gear wheel A journalled in a horizontal 
frame and a roller B of square cross section, journalled in a 
support, the wheel and roller carrjing a belt C with links each 
equal in length to the length of one side of the roller. Arms 
carr}'ing fog signals are attached to the links of the belt, which 
is actuated by a slide D, operated by the ordinary' signal con- 
nections and having inclined surfaces adapted to engage studs a 
on the wheel A. If the machine be in the position shown, that 
is with a fog signal on the rail N and the slide moved over to 
one side, when the slide is moved to the other side, that is to 
say, suppose for instance it is attached to the Nignal wire and the 
signal IS taken off, then the wheel A will be rotated by means of 
the inclined surface on the slide D acting on the roller studs 
a a a distance sufficient to move the fog signal off the line N 
forward a certain distance and to bring the next succeeding fog 
signal into a position near the rail N. In this position the line 
will be clear of fog signals, but if the slide be now moved back 
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like against them when manipulating the window. A handle H 
is provided for raising and lowering the window. {Accepted xdth 
April, 1908). 

End Platforms for Vehicles. 19,046, 24th August, 
igoj, J, T. Jepson, Queen Anne Chambers, Tothill Street, 
U'estniinster, 

According to this invention, the platform buffer plate is combined 
with an automatic coupler, so mounted on the vehicle frame as to 
have sufficient lateral play to enable the platform buffer plate of 
one vehicle to remain parallel and in alignment with that of the 
contiguous vehicle under all conditions of curve, the coupler being 
connected to the vehicle frame through any preferred arrangement 
of draw, buffing and centralising springs, and being further 
supported by the vehicle frame so as to enable it to support the 
weight of the platform and its load without interfering with its 
lateral flexibility. The advantages of this arrangement are, in 
the first place that separate springs, plungers and pivots for 
supporting the platform buffer plate mav be dispensed with. 
Secondly, that the faces of contiguous platform buffer plates are 
kept practically close for the full width of the platform under the 
heaviest drawbar pulls and under all conditions of curve. Thirdly, 
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again the wheel A will again be rotated in the same direction as 
before and the next fog signal moved into position on the rail. 
When a train passes over the fog signal while it is on the rail 
its weight causes the signal holder M to snap at the point m and 
thereby allows the lower limb of the holder to fall free from the 
arm C, which is thereby released and capable of being moved on, 
although the wheel of the carriage may remain on the fog 
signal. {Accepted 2nd April, 1908). 

Raising Carriage Windows. i2,8yy, 4th June, igoy. 
E, R, Cooke, Norwood, Francis Road, Stetchford, near 
Birmingham. 

For the adjustment of carriage windows at different heights a 
vertical strip A of metal is attached to each side of the window 
frame B. Slots E are formed in the metal strips A at given 
•distances apart vertically by cutting or stamping out the same in 
such a manner as to leave tongue pieces E^ that is to say, the 
slots E are cut out on three sides only, so that the tongue pieces 
E^ are not removed from the slots, but remain attached to the 
strips A, thus the tongues which are bent backwards form spring 
backs in the slots E. To the outside of each of the top corners 
of the sash are attached metal studs F with necks and heads; 
these studs engage the vertical slots E by falling into them 
according to the desired position of the wmdow, either when 
closed or partly so. The object of the metal tongues E* at the 
back of the slots E is to assist the studs F by pressing spring- 



the relative lateral movement of contiguous platform buffer plates 
is prevented. In the construction illustrated the platform burter 
plate is formed as a horizontal frame i, with downward extensions 
2 ri vetted to the buffer face 3 of the main coupler, and the com- 
bined arrangement of platform buffer plate and automatic coupler 
is supported by means of a system of draw buffing and centrallis- 
ing springs, which consists essentially of a pair of coil springs 4 
and 5 disposed on either side of a central web 6, the extension of 
the buffer shank 7, which forms the draw bar, being passed 
through the buffing spring, the web and the oppositely di<ij)osed 
draw spring, the whole being screwed up by a nut 8 at the end 
of the draw bar so as to give initial compression. The weight 
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of the coupler and platform i with its load may be supported by 
means of a guide plate 9 fixed to the front member of the vehicle 
frame on which the flat underside of the shank 7 rests, the guide 
plate being of sufficient width to allow of the requisite lateral 
movement of the shank in coupling on and passing round curves 
as indicated in dotted lines in Fig 2. In applying the invention to 
vestibules, a similar arrangement of springs, but of lighter sec- 
tion, may be used at the top of the vehicle, the vestibule frame 
being provided, if required, with lateral projections or guides to 
secure alignment between contiguous frames. If actual close 
contact of the front faces of the platforms is required, this may be 
secured by interposing springs between the main coupler and the 
platform buffer plate, the travel of these springs being sufficient 
to take up any longitudinal slack which may occur in the coupler. 
{Accepted 2yd April, 1908). 

COMPLETE SPECIFICATIONS ACCEPTED. 
1907. 

8362. Central buflff^rs and couplings. Johnston. 

847 1 A. Railway crossing barriers and signals ihcrefor. Kessler and 
Jelich. 

8(}74. Train-"<ignaninj^ apparatus for railways. Niinmo. 

ioq<)i. Signalling devices for tramways, railways, and the like. 
Dewhurst. 

12877. Means for raising, lowering, and adusting railway and 
other carriage windows and the like. Cooke. 

13426. Apparatus for controlling- railway signals and the like, 
Moore. 

1343 1. Machine for placing fog signals of the detonator type on 
railway lines or the like. Humphrey, Pain, Pain and Pain. 

i3(>icj. Railway wagons or other carriers for grain, coal, and the 
like, and loading and unloading the same. Browa 

17800. Device for stopping vehicles and trains at collisions or if the 
I>oints arc* ml in the correct position. De Halmy. 

10046. Spring mounted platforms for railway vehicles and the like. 
Jep'on. 

19138. Railway rail joints. Reel. 

i<)334. Apparatus for raising and sustaining the windows of rail- 
way and ether carriages. Laycock, 

10755. Railroad danger signals. Sughroue. 

19975. .Npparatus actuated by the passage of trains to control rail- 
wax points or signals. Siemens Bros, and Co. 

20400. Railway points. Bruce. 

21045. Means for locking and unlocking railway carnage doors. 
Schofield. 

22124. Fluid-pressure brakes for railway and like vehicles. VWst- 
inghouse Brake Co. 

23^3 V Insulated railway niil joint. Wolhaupter. 

24008. Railway and the like signalling apparatus. Lipka. 

25076. Couplings for railway, tramway and other trains. Gellhorn 

252C)<). Brake applying devir^^s and warning or indicating devices 
for railway trains and the like. De Braam. 

25301. Rail bond for rail joint circuits. Karns. 

25506. Coupling apparatus for railway, tramway, and the like 
vehicles. Wren. 

25832. Insulated railway rail joint. Wolhaupter. 

26030. Railway rail joints. Bastel. 

26614. Railway detonator or like sound signal apparatus. 
Mautsch. 

26640. Railway rails and rail joints. Wa'kinson. 

26920. Electrical locking apparatus for railway signals, .Siemens 
Bros, and Co. 

27658. Mounting of railway and tramway vehicles on their wheels. 
De Bange. 

28126. Couplings for railway cars. Wehle. 

28212. Electrical locking apparatus for railway signals. Hoflfe 

and Jelfs. 

28303. .Signals for railways and the like. Herricht. 

j86i2. Railway and like point controlling and detecting apparatus. 
Edmonds^ and Mckenzie and Holland Ltd. 

1008. 
1205. Safety catches for railway carriage doors and the like. Kaye. 
3475. Metallic railway tie. Bowne. 



Official Reports on Recent Accidents. 

On Chequcrbent Incline, L. & N.W.R. On the ytk January, 
LL'CoK H, J, I'orfce reports thai\— 

The 7.30 a.m. passenger train from Kenyon to Bolton was being 
o*:s!sied up the incline by a bank engine in rear. The bank engine was 
allowed to drop behind and ovf»rtake the train twice. One passenger, 
6 servants, and the guard were slightly injured. 

The bank engine was a heavy 8-cnupled 4-cylinder compound tender 
rngine. It had recently been overhauled and repaired. The leading 
wheH? of the front coach were derailed, the couplings between the 
second and third coaches broken, the latter coaches themselves buffer- 
locked, and the last vehicle, viz., the carriage truck, derailed and tilted 
up on end, one pair of wheels being separated from it. The bank 
engine and all the vehicles of the train were damaged. 

Between .\therton Station and Chequerbent there is a sleep incline 
of 1 in 30 for 1,579 yards, on which the accident occurred. 



This accident is of an unusual character, and indicates grave mis- 
management of the bank engine by driver Fairhurst. 

The train, of only 5 vehicles, was a light one, and well within the 
capacity of the train engine to haul to the top of the bank, but owing 
to a carriage truck behind the rear van it was necessary, by the Co.*s 
rules, to put a bank engine in rear of it. It is not the custom to couple 
the bank engine to the train. The bank engine was a much more 
powerful engine than the train engine, and it probably required rather 
careful handling to prevent it from overrunning the train engine. Soon 
after the train had left Atherton, while driver Fairhurst (of the bank 
engine) was "notching^ up'* the reversing lever, the regulator is said 
to have partially closed itself, with the result that the engine dropped 
behind the train. In order to re-open the regulator, which was rather 
stiff, Fairhurst (being a short man) went across to the fireman's side to 
push the regulator handle over instead of pulling it from his own side. 
It seems clear that he opened the valve too far, thus giving the engine 
too much steam, with the result that the engine rapidly overtook the 
train and came into sharp contact with it. Fairhurst must then have 
sharply closed the regulator again, and allowed the engine to drop 
bchincf the train for the second time. The effect of all this was to give 
the train a severe jerk and to break the coupling between the second 
and third vehicles, thereby causing the train to become separated, the 
vacuum brake to be automatically applied, and the train to come to a 
stand. When this happened the front and rear portions of the train 
were about three or four coach lengths apart. Fairhurst, not knowing 
of the mischief he had done, once more gave his engine steam and 
again overtook the train, both portions of which were by this time at a 
standstill, and drove the last 3 vehicles with considerable violence into 
the front ones. After the accident the bank engine was examined and 
handled by assistant foreman Patterson (Fairhurst being on the foot- 
plate with him), and nothing whatever was found to be wrong with it. 

Fairhurst was not injured by the collision, and after suspension re- 
sumed duty on the 17th January until the 22nd. On the 23rd he 
reported himself sick, and on the 26th he died of diabetes, before the 
enquiry was held. His excuses to the Co. were: (i) the regulator was 
stiff ; (2) that there was a good deal of steam coming from his engine, 
which prevented his seeing the train. He acknowledged having struck 
the train once, but said that he knew nothing about striking it the 
second time. If this be correct, the probability is that it was the 
second collision and not the first of which he became aware. It is clear 
that he was exceedingly unskilful in the management of his engine. 
He was thoroughly experienced, and bore an excellent character as a 
sober, reliable man. He had, however, been suffering^ from diabetes 
for some time past and had been absent from that cause for 3^ months 
during the summer of 1907. He returned to work in .\ugust of that 
year. It is probable that owing to the fatal complaint from which he 
was suffering he was daily losing strength, and that latterly he was not 
in a fit state to take charge of an engine. The regulator handles of the 
large L. and N.W. engines are placed rather high, and as Fairhurst was 
short, he would, in his weakened condition, find it difficult to operate 
the handle with the requisite ease and precision. 

This case points to the desirability of a more frequent medical 
e.xamination of engine drivers, especially after a man has been absent 
from duty for some months owing to a serious illness. * 

The Co. are considering the advisability of making some alterations 
to the regulator handles of their engines by means of an extension, at 
an angle of 120^, of the existing lever, which will add very consider- 
ably to the convenience of drivers and the facility with which they can 
operate the regulator. It is to be hoped that such an improvement will 
be carried out as rapidly as possible. 

It has always been held by the inspecting officers of the Board of 
Trade that bank engines assisting passengei trains should be in- 
variably coupled on to the train, and the brake pipe connected. If this 
had been done in the present instance no such accident as that under con- 
sideration would have occurred. The Co. should consider the ex- 
pediency of adopting this system in future in all cases in which pas- 
senger trains have a bank engine in rear. 

.\s the rear vehicle of this train was fitted with the continuous brake, 
and the brake pipe between it and the train was properly connected, it 
was hardly necessary to put a bank engine in rear of it merely for the 
purpose of guarding against the risk of the rear vehicle breaking loose 
and running backwards do>yn the incline, a thing which could not have 
happened in this case. Oh the other hand, if the rear vehicle is not 
fitted with the continuous brake, or the brake pipe is not connected be- 
tween it and the rest of the train,* or if the train engine be not 
sufficiently powerful to haul the train up the incline, a bank engine is, 
of course, necessary. I therefore think that the Co.'s rule in regard 
to the attaching of bank engines to the rear of passenger trains on the 
.Atherton-Chequerbent incline might be modified. 

¥c 

At Ouisborough Junction, N.B.R. On the ist January. Lieut, -Col, 
P, G. Von Domp, R.E,, reports that :— 

An empty carriage train, consisting of an engine, tender, and 18 
vehicles was' run into from the rear by an excursion train from Salt- 
burn to Leeds, consisting of an engine, tender, and 8 vehicles. Both 
trains were fitted with the Westinghouse brake. 

Very great damage was done to the empty carriage train. Four 
passengers have complained of injuries, and the guard considerably and 
both drivers slightly injured. 

Guisborough Junction signal-box, near which this collision occurred. 

*As is permitted by the Board of Trade Regulations, and when it will not 
be possible to couple the brake pipe.— Ed. R^E, 



Digitized by 



Google 



276 



The Railway Engineer. 



August, 1908. 



is situated about 500 yards on the down side of Middlesbrough Station, 
on the Middlesbrough-Saltburn branch of the North-Eastern Railway. 
Four lines run past this box in the directions which are approximate^^ 
east and west, the up main line, which is the only one concerned in 
this accident, being the most southerly of them. The signal-box is 
situated on the south side of the lines, and is therefore immediately 
adjacent to the up main line. The collision occurred on the up main 
line at a point situated about 250 yards to the east of the signal-box. 

The next signal-boxes to Guisborough Junction in the Saltbuhn 
direction are the Whitehouse Crossing and the Cargo Fleet Junction 
signal-boxes, situated at distances of 1.021 and 1.893 yards respectively 
from the Guisborough Junction box. 

The following signals, which are connected with this accident, are 
situated as under: — 

The Whitehouse Crossing up distant signal— 135 yards to the west 
of the Cargo Fleet signal-box ; 

The Whitehouse Crossing up rear home signal — ^385 yards to the 
east ot the Whitehouse Crossmg Dox ; 

The Whitehouse Crossing up home signal — 125 yards «o the east 
of the Whitehouse Croissing box ; 

The Whitehouse Crossing starting signal, and the Guisborough 
Junction up distant signal — 140 yards west of the W^hitehouse Crossing 
signal-box and 880 yards to the east of the Guisborough Junction box ; 

The Gainsborough Junction up home signal— 45 yards to the east of 
the Guisborough Junction box. 

The line from Cargo Fleet Junction signal-box to the point where 
the collision occurred is almost straight, except where it runs through 
Cargo Fleet Station, where there is a slight curve to carry the line 
round the island platform. The gradient between W^hitehouse Crossing 
and Guisborough Junction signal-box is practically level. The signals 
are all placed so that the driver of an up train approaching Middles- 
brough gets an excellent view of them. The night of the accident is 
stated by all the witnesses to have been clear and dry. 

Driver Wheatley, of the excursion train, states that the Whitehouse 
Crossing distant signal showed more green than red light. In spite, 
however, of having noticed that this distant signal was doubtful, he 
ran past the Whitehouse Crossing rear home and home signals without 
seeing either of them. He ascribes his not seeing the formt^r to the 
fact that he was at the time attending to his injector, and hi<s not see- 
ing the latter to the steam and smoke from his engine. When he was, 
however, about 100 yards from the Whitehouse Crossing starting 
signal, and whilst his train was going at a speed which he estimates 
at 30 miles an hour, he sighted the starting signal, and saw that it was 
at danger. He at once turned off steam and applied his brakes, but 
he was unable to bring his train to a stand before running into the 
tail end of the empty carriage train, at a speed which he estimates as 
6 or 7 miles an hour, but which from the damage done is evidently 
a verv low estimate. The evidence is in direct contradiction of 
Wheatley 's statement that the signal was a doubtful one. 

It is difficult to credit driver Wheatley *s statement that when he 
turned oflF steam and applied his brakes he was at a point loo yards 
before reaching the Whitehouse Crossing starting signal. If this were 
the case, he would at that time have been at a distance of 730 yards 
from the Vear of the empty carriage train and would have had no 
difficulty in stopping his train before reaching the empty carriage 
train. Guard Rispen, of the excursion train, states that in his opinion 
the brakes were not applied to the train until a very short time before 
the collision. 

W'heatley has been for 32 years in the service, the last 10 of which 
as a driver. He has an exceedingly good character and record. He 
had come on duty at Leeds at 11.45 a-m., had started from there at 
12.45 P-tn,, and had arrived at Saltburn at 3.40 p.m. He had then 
had a clear four hours' rest, during which interval he was able to leave 
his engine, and he had started back from Saltburn on his return 
journey at 10.30 p.m. Witnesses who saw him — both before and after 
the accident — concur in saying that he showed no signn of suffering 
from the effects of drink. 



Ai Coxhoe Junction, N. B. R . On the 18th January. U- Col. P. G. zwi 
Dmopt R.E,^ reports that-,-- 

The 3,25 p.m. passenger train (engine and ± carriages) from Ferry- 
hill was partly derailed. The left-hand side of the third carriage was 
dragged into contact with a small platelayers* cabin, which was 
demolished, and 22 passengers complained of injuries. 

Coxhop Junction 4S about one mile north of Ferryhill, N.E.R. There 
is a double junction with a facing connection on the Hartlepool down 
line. The left-hand lines branch off in a north-westerly direction to 
Bishop .Auckland, whilst the right-hand pair, which curve slightly to 
the right, run on to Hartlepool. The train was running through the 
junction on the Hartlepool down line, and its derailment occurred at the 
diamond crossing where that line crosses the Bishop Auckland up line. 

The facing points on the down line are properly locked and detected, 
and after the accident were uninjured in any way. The lines to Hartle- 
pool are on a gentle right-hand curve of 42^ chains radius, whilst those 
to Bishop Auckland are on a left-hand curve of 17 chains radius. The 
permanent way is of the N.E.R. standard type ; Qolbs. rails and ballast 
of coke. 

The evidence throws no light on the cause of the derailment. The 
speed of the train through the junction was not more than about 25 miles 
an hour. The curve of the line was 42J ch. radius. 

The driver and fireman of the train knew nothing of the accident 



until they noticed the sudden application of the continuous brake, 
caused, doubtless, by the disconnection between the third and fourth 
vehicles, and they tJien at once took all necessary steps to stop the 
train. The guard states that he noticed when his van was running 
through the facing points, and that it ran through them quite smooth!) ; 
he thinks, however, that it was when the crossing was reached that he 
was thrown down, after which all he can remember is that his van was 
rolling and rocking about until it came to rest, 

.After the accident the engine and 3 leading vehicles, coupled together, 
were on the Hartlepool down line, the rear end of the last vehicle being 
just 90 yards beyond the fork ; the wheels of the engine and of the two 
leading vehicles showed no signs of having been derailed. The third 
vehicle had all its wheels derailed on the left-hand side. The rear or 
fourth vehicle, which was entirely separated from the rest of the 
vehicles, was on the Bishop Auckland up line about 60 yards beyond the 
fork ; the four wheels of its leading bogie were all derailed to the left 
of that line, whilst those of the rear bogie were all on the rails. 

The condition of the two rear vehicles of the train was found to be 
excellent. 

The marks on the line pt)int conclusively to the derailment having 
originated with the right-hand wheels of the leading bogie of thr rear 
vehicle of the I rain. After being thus derailed to the left of its proper 
line this vehicle would, at the obtuse-angled cio«sing of the diamond, 
be compelled to follow the rails of the Bt:^op Auckland up line ; in so 
ioing it would tend to pull the rear of the next or third vehicle of the 
train off its line in that direction, and that condition of affairs would 
continue until the coupling between them broke, when the third vehicle 
would be pulled by the engine back again towards its own line. The 
above appears undoubtedly to have been the course ot e\'ents which 
occurred in conneciion with this derailment. Little or no injury would 
have been caused to any of thr» passengers had it not been that the third 
vehicle, whilst derailed, fouled the platelayers* hut situated in ihe fork 
between the two lines, and the side of the carriage was ripped open 
thereby. 

The crossing on the right-hand rail of the Hartlepool down line ai 
which this derailment originated was a V-crossing of an angle of 1 in 8. 
and the train was running through the W in the trailing direction. The 
right-hand rail of Ihe Hartlepool down Ime and the left-hand rail of the 
Bishop Auckland up line were, as is customary in such crossings, bent 
back to form wing rails opposite the V< ^^^ ^ check rail was also pro- 
vided on the inside of the left-hand rail of the Hartlepool down line, 
opposite the y-crossing. The V~^''o^^'"S^ ^"^ ^^^ wing and running 
rails were secured to five crossing chairs of the usual description, and 
it was found after the accident that four of these were broken, vri., 
the two in which the point of the y and wing rails rested, and the two 
ahead of these to which only the running rails were secured. The cross- 
ing was so much damaged that the gauge of the line at it at the time 
of the derailment could not be definitely ascertained, but immediately 
after the accident it was tried at a point situated about 6ft. in rear of 
the crossing, and was found to be fin. wide to gauge. 

The top inside edge of the wing rail lying to the right of the \ was 
found after the accident to be very consid'erably worn away, the pwrtion 
which was specially worn being that situated about three feet from the 
knuckle of the croi»sing ; this is the spot where a wheel running 
through the crossing should first obtain its footing on the win^ rail, 
and it is evident that wheels have been rubbing against the inside of 
that rail before getting a proper footing on it. The wing rail wa«, un- 
doubtedly, worn away to a dangerous extent, and it should certainly 
have been noticed and renewed long before this accident occurred. 

The rails of this crossing were laid entirely on ordinary sleepers of 
the usual dimensions ; it is generally the custom at such crossings to 
employ special timbers of larger dimensions, known as crossing tim- 
bers, each of which carries the four rails of the two lines of way on 
each side of the crossing, and holds them firmly together in theii 
proper relative positions \ in this case, however, no such timbers were 
employed, and the number of sleepers in the neighbourhood of the 
crossing carrying the two rails of the Hartlepool line and tying them 
to gauge was unusually small. It is also customary on most lines 
for a strong bolt to be provided at the knuckle of the crossing, holding 
the two running rails firmly together at that point, but in this case 
no such bolt was provided. In consequence of the above-mentionrd 
defects the rails at this crossing were not very securely tied to gauge, 
and the crossing must be considered as having been one of distinctly 
weak construction. 

From the condition In which the wing rail was foutid It is cvidHnt 
that, as stated above, for some time past wheels running through the 
crossing have been rubbing against the inside edge of this rail, and 
wearing it away before getting their proper footing on the surf act* of 
it. In so doing, the wheels would tend to force the wing rail out- 
wards, and, as the wearing away of the rail continued, the laier.il 
pressure would increase. In consequence of the deficiency of 
sleepers, the two rails were not very securely lied to 
gauge on either side of th* crossing; and tfils laterMl 
pressure would consequently fall largely on the crossing chairs, and 
the probability is that eventually one of these chairs broke under the 
strain. The wing rails being then no longer held together, the gap 
between them at the point of the y became large enough to allow of 
the wheel falling into it, and the derailment of the train ensued accord- 
ingly. The above appears to be the most probable cause of this derwll- 
ment, which must therefore be attributed to the breaking of one of the 
crossing chairs, that breakage being in turn due to the worn rondliion 
of the wing rail and t(» the weak construction of the crossing. 
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At Shrewsbury Station, Z. and N. IV. and G. W, feint R, 



Lord Wolverton has been elected treasurer of the 
Railway Benevolent Institution in succession to Lord 
Hillingdon, who has retired. 

Sir Wm. Hart- Dyke, Bart., deputy chairman of the 
L. Chatham and Dover R,, has been elected chairman in 
place of Sir E. Leigh Pemberton, K.C.B., who has re- 
sig^ned the position (but not his seat on the Board) on account 
of failing health. The Rt, Hon. A. Akers-Douglas, 
M.P., director, has been elected deputy chairman. 

Major H. C. Cusack, deputy chairman of the Midland 
Great Western R., has been elected deputy chairman of the 
Bank of Ireland, 

Mr. J, Puplett, treasurer of the L., Brighton and S.C.R., 
has retired after a service on the railway of more than 48 
years. He was appointed treasurer in 1893. 

Mr* A. E. Pitcher, of the Indian Government Tele- 
graph Department, has been appointed telegraph superin- 
tendent of the South Indian R. 

Mr. F. R. Slack, has been appointed district locomo- 
tive superintendent of the Midland R. at Worcester. 

Mr. Chas. J. Nicholson, passenger superintendent, 
Lancashire and VWkshire R., retired on the 31st ultimo, 
after 20 years' service. He was chairman of the Railway 
Clearing House .Superintendents' Conferences in 1899. 

Mr. Arthur A. Haynes has been appointed superinten- 
dent of the line of the Furness R., in succession to Mr. 
Frederic J. Ramsden, who has retired. 

Mr. K. R. Speir, general secretary of the Egyptian 
State Railways, has been appointed assistant to the general 
superintendent of the Midland R. 

Mr. John Cowper, goods agent at Greenock, Cale- 
donian R.» has been appointed goods superintendent at 
Buchanan Street, Glasgow, and Mr. W. H. Martin to the 
similar post at Port Dundas. 



Mr. F. Clements has been appointed station master at 
St. Pancras, Midland R., in succession to Mr. W. P. Snow, 

Mr. Wm. Hamilton has been appointed superinten- 
dent at Princes St. Station, Caledonian R., Edinburgh. 

We regret to record that Mr. J. Hurman, superinten- 
dent, Cardiff R., died on the 8th ultimo, aged 67. 



L. and North Western and Midland Agreement. 

The most important event in the railway world last month 
was the announcement that the L. and North Western and 
the Midland Railway Companies had concluded a working 
agreement which is to last until 1999. Lord Stalbridge 
outlined the agreement to the shareholders as follows ; — 

As you know, the geographiial positions of the two Companies are 
surh as to place them in competi.ion for traffic between many important 
places. We have long desired to arrive at a means of so combining 
the interests of the two companies as to enable the traffic .in which both 
are interested to be carried on with thorough efficiency united with the 
greatest economy, consistent with that efficiency, in the common interest 
of both companies. Many arrangements have been made with our Mid- 
land friends with this object, but they have hitherto, though important, 
been of a minor character. Now, however, I am glad to say that we 
have been able to make an agreement which will, we hope and believe, 
have very important results. Its principles are, first, the elimination of 
all inducements lo excessive competition, which, while expensive, produce 
no additional traffic, and, second, co-operation in the working of all 
competitive traffic in the manner most convenient to the public and most 
economical to both companies. These being the principles, the mode of 
application is the division of receipts from competitive traffic in certain 
proportions based upon the actual carryings of the two companies over 
a given period in the past. It cannot be otherwise than a gradual busi- 
ness to ascertain where, and in what ways, the working of the traffic 
can be improved and economised. This work, however, is in progress, 
and the inducement to the abstention from expensive competition is in 
fujl force, because the settlement of accounts, when necessary figures 
have been ascertained, takes effect from the ist July last. You may be 
sure that we shall lose no opportunity of extending the arrangement, to 
the advantage alike of the public and of the shareholders, applying, if 
necessary, to Parliament for further powers. 

Locomotive Coal and Dividends. 

The past half-year has been a bad one for railway share- 
holders, as all the dividends are less than for the correspond- 
ing period of last year. The figures given below show the 
main cause. 

Railway. Loco. -Coal. Net Revenue. 

-^ £ - £ 

L. and North Western 152,222 ... 290,378 

Great Western 44.362 ... 54.4^^ 

Midland 7^.840 ... 196,022 

North Kastern 16,040 ... 240,510 

(ireat Central 3^.^43 ••• 73.405 

(ireat Northern 38,000 ... 51,000 

Lanes, and Vorks 22,079 ... 91,1.12 

Great Rastern 43.95» ••• 45«^73 

L. and South Western 33.772 ... 42,372 

L. Brighton and S.C 12,128 ... 15.264 

South Eastern and C 21,477 ... 7^,570 

•X- 

International Rubber Exhibition. 

The first complete Rubber (and Allied Trades) Exhibition 
ever held will open at Olympia on the 14th and continue until 
the 26th inst. Some idea of the magnitude of the rubber 
trade may be gathered from the fact that raw rubber valued 
at ;^io,834,759 was imported into this country last year. 
As we understand that there will be exhibits from all parts 
of the world, and that rubber in all its stages, from the seed- 
ling trees to articles made of the finest and poorest grades 
will be shown, the Exhibition should be a highly interesting 
and very instructive one. Almost countless articles, wholly 
or partly made of rubber, are u.sed on railways. 

* 

Notice of Removal. 

The United States Metallic Packing Co., Ltd., whose 
works and headquarters are at Bradford, Yorks, give notice 
that they have removed their London Offices from 17, 
\'ictoria Street, Westminster, to 10, Fenchurch Street, E.G. 
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Automatic Couplings. 

The third and fourth Reports of the Railway Employment 
Safety Appliances Committee were issued in one White Paper 
(Cd. 4213) on the 14th ultimo. 

The principal, most interesting, and far-reaching feature 
of these Reports is a memorandum prepared by Colonel \'orke 
— the chairman of the committee — under date August 8th, 
1907, addressed to the Assistant Secretary of the Railway 
Department on the subject of Automatic Couplings. Unfor- 
tunately we have not space in this issue to reproduce this 
memorandum in full. It goes deeply into the reasons given 
by advocates of automatic couplings for their use in this 
country; the cause and the need for their introduction in 
America ; a comparison as to the number of casualties in 
coupling and uncoupling on British and American railways ; 
the vastness of the question in this country as to disturbance 
of traffic during the equipment of stock with automatic coup- 
lings ; the cost ; the length of time to do the work ; the private 
owner. We will, however, briefly note Colonel Vorke's main 
points which, it must be admitted, at once effectively dispose 
of the question of automatic couplings for goods stock in the 
same way as the same committee's report in the summer of 
1907 disposed of that of either-side brakes. 

The memorandum begins by observing that the necessity 
for making automatic couplings compulsory rests upon the 
assumption that the safety of the men would be largely 
increased by such appliances, but that this necessity is not so 
great as is generally imagined. The figures as to casualties 
in coupling and uncoupling vehicles for 1905 were 12 killed 
and 523 injured, and 9 killed and 572 injured during 190(1. 
These figures compare with 18 killed and 481 injured during 
1898 — the year of the Royal Commission on Accidents to 
Railway Servants — and show a gratifying decrease in the 
number of fatal cases, and whilst the number of non-fatal 
cases have increased it must be remembered that more 
accurate returns are now rendered and that there has been a 
large increase in the number of men employed in the engines 
and vehicles used and in traffic carried. The first point would 
then appear to be that there is not the necessity for automatic 
couplings in Great Britain that is generally imagined. 

Point No. 2 is that automatic couplings, if introduced, 
will not remove all danger to men engaged in shunting. The 
uncoupling will still have to be done by hand by means of a 
lever or handle at the side, and therefore the men will con- 
tinue to be amongst moving vehicles. They will also still 
have to go between the wagons to adjust the couplings, and, 
in fact,oftener than now, as vehicles will frequently automati- 
cally couple unnecessarily. Then there is the question of 
brake and steam-heating pipes, and as there is a gradual 
tendency to equip goods vehicles with continuous brake pipes 
this difficulty does not apply to passenger stock alone. 

The next question dealt with by Colonel Yorke is the 
transition stage — a period that will vary in length according 
to whether automatic couplings are to be attached to all 
vehicles or only to new ones. If the latter, then the transition 
period will be a mighty long one, because, as the memoran- 
dum says, a wagon may be renewed and repaired from time 
to time that after a certain number of years nothing remains 
of the original wagon but the registration plate. But be the 
transition stage long or short it will bring a sheaf of troubles. 
There will be the delays due to joining up a wagon with a 
link coupling to one with an automatic coupling, and the 
danger to the men will be the greater during that time owing 
to the more frequent necessity for them to go between the 
wagons to adjust dissimilar couplings. 

Colonel Yorke, at this point in the memorandum, returns 
to the question as to the need for automatic couplings, and 
shows that in America something had to be done. The link 
and pin coupler was what was used there and it was neces- 
sary for a man to go between the cars whilst they were being 
brought together and to hold the link in one hand between 
the central buffers (into the jaws of which the link had to be 
guided) until these buffers were nearly in contact with each 
other, and then to snatch his hand away so as to avoid 



its being crushed, while with the other hand he dropped the 
pin into its place. Automatic couplings are now in universal 
use in America, yet during the year ending June 30th, 1905, 
there were 243 men killed and 3,110 injured, and 311 killed 
and 3,503 injured during the year ending June, 1906. These 
compare with 12 killed and 523 injured during 1905 in Groat 
Britain, and 9 killed and 572 injured during i9oC». 

Now we come to the question of cost. From the Board 
of Trade returns and from enquiries made by the committee 
it would appear that there are 750,000 wagons bclonging^ tu 
railway companies and 650,000 belonging to private owners— 
a total of 1,400,000. The number of passenger stock is 
70,500. Here Colonel Yorke interjects figures to show that 
more accidents occur with passenger stock than with goods 
stock, as the former have screw couplings which compel a 
man to go between the carriages in order to tighten up or 
release the screw. With the 70,500 passenger vehicles there 
were in 1905 4 servants killed and 160 injured, and in 1906 
4 killed and 241 injured. With twenty times as many goods 
wagons there were for the same years 8 killed and 349 injured, 
and 5 killed and 330 injured. The memorandum then ex- 
plains that it is not the simple matter generally imagined to 
exchange an automatic coupling for an ordinary one, and it 
shows how the framework has to be reconstructed to with- 
stand the shocks on a central buffer instead of along the side 
members. A good deal of time and money will therefore 
have to be spent upon every wagon in order to render it fit 
for automatic couplings. Couplings vary in price. Some 
being tried in India and the Colonies cost ;£*i5 per wagon 
(£7 io^« P^r coupling) for standard gauge, and ;^i2 for 
metre gauge, but this does not cover any strengthening of the 
wagon. Assume though, for the sake of argument, that 
;£^^io per wagon would cover everything, this would mean 
an expenditure of ;£,'i 4,000,000. Were this spread over a 
number of years this would not be so serious, but owing to 
the greater danger to the men it is desirable that the tran- 
sition stage should be as brief as possible. Then look, too, 
at the cost to the trade of the country owing to the disloca- 
tion due to the wagons being withdrawn from traffic. If the 
work is to be done in ten years and each wagon takes two 
days to alter it would mean that 940 wagons per day for 10 
years would have to be taken out of traffic. No wonder, 
then, that Colonel Yorke remarks ** It would seem, then, 
that a dilemma is reached from which there is no escape.** 

Not the least of the problems is that next submitted : — 
How are the private owners to be compelled to undertake the 
expenditure necessary? The only way the Board of Trade 
can reach them at present is to prohibit railway companies 
after a certain date receiving wagons without automatic coup- 
lings. But supposing all the private owners were to agree 
amongst themselves not to adopt an automatic coupler, 
what then? The remedy is for the railways to buy up the 
stock, but this would entail a further large capital outlay, 
*' Whatever the remedy may be, I have no doubt that if 
automatic couplings are ever to be introduced into this coun- 
try, legislation of a drastic character will be necessary.*' 

The main difficulty is, then, not a mechanical one, but 
a financial one, and so Colonel Yorke concludes his memoran- 
dum, *• I feel sure that it is no use attempting to initiate 
experiments with automatic couplings till some practic;il 
scheme has been formulated for meeting the expense, not 
only of the ultimate change from one type of coupling to 
another, but also of the trials and experiments which will 

have to be made It would hardly be fair to encourage 

them [inventors] to come forward unless there was some 
reasonable prospect of the introduction of automatic couplers 
being carried through. The experiments themselves will cost 
a large sum of money, and will have to be extended over 
many years. Models will be of little use for the purpose, 
and even for the preliminary examination of any coupler it 
will be necessary for three or four wagons at least to be 
fitted with them. Such an examination will have regard to 
the mechanical features of the appliance, its weight, sim- 
plicity, certainty of action and ease of release. After wet:ding 
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out those designs which are clearly unsuitable in any of the 
above respects there will remain others which will require a 
practical test in ordinary working. For this purpose it will 
be necessary for -whole trains of not less than, say, 50 wagons 
each, to be equipped with the different couplings to be tried, 
and these trains will have to be put into traffic under the most 
unfavourable conditions in various parts of the country for at 
least 12 months in order that the reliability, strength, dura- 
bility, safety, etc., etc., of the couplers may be investigated. 

1 submit this memorandum for the consideration 

of the Board of Trade. From the remarks contained therein 
it will be gathered that the issues involved in, and the 
difficulties connected with, the proposal to render the intro- 
duction of automatic couplers compulsory in this country are 
almost insuperable. I do not think that their magnitude 
has hitherto been sufficiently appreciated. The question is of 
national importance, and it is, I submit, for the Government 
of the country to decide (i) Whether, having regard to the 
small number of accidents in this country due to the present 
method of coupling and uncoupling goods wagons, there is 
any such necessity for a change from the existing type of 
coupler as to justify the large capital outlay and the disloca- 
tion of traffic which would be inevitable. (2) How, if the 
change is decided upon, the enormous exi>enditure connected 
therewith is to be met. (3) How the owners of private 
wagons arc to be dealt with. (4) How the dislocation of 
traffic and risk of accident to men and trains during the 
experimental and transition stages are to be faced. Until 
these questions have been considered and answered it will 
be inexpedient and useless to initiate a series of long and 
costly experiments for the purpose of selecting the automatic 
coupling best suited to English rolling stock.*' 

This memorandum was referred to the Railway Employ- 
ment Safety Appliances Committee — the other two members 
of which are Mr. Robert Turnbull, of the L. and North- 
western R., and Mr. Richard Bell, M.P. — and they report 
that they entirely agree with the remarks contained therein, 
but they suggested that some effort be made whereby the 
three-link coupling could be put on and taken off the draw- 
bar hook by some other means than by the shunting pole. 
As a result of this the committee have received and examined 
twelve models designed to accomplish this object. It was 
generally found that these appliances fell under two headings, 
viz., those which retain and operate upon the existing three 
links, and those where one link or two links are substituted 
for the present wagon coupling, the drawbar hook remaining 
unaltered. The committee are inclined to think, at present, 
that appliances of the former description are preferable to 
those of the latter. 



Notes on Locomotives. 



Besides the two types of ** Pacific,*' or 4-6-2 locomotives 
described in our last two issues, there is another which has 
been introduced on the Western Railway of France — now 
part of the State system. This engine contains features dis- 
tinct from the usual French designs for four-cylindered 
compounds. 

As regards the arrangement of wheels and cylinders the 
custom prevailing in the Glehn type is followed, namely 
the dividing of the cylinder power over two distinct axles. In 
the engine now under review, however, the H. P. cylinders 
are placed between the frames and drive the leading coupled 
axle, the outside L.P. cylinders driving the middle axle. In 
order to avoid the otherwise long wheelbase resulting from 
such an arrangement, the H.P. cylinders are placed well 
ahead of the bogie centre, hence reasonably long connecting 
rods have been possible. Each cylinder is controlled by a 
separate piston valve, each actuated by a separate set of 
valve gear; this latter is of the Walschaerts pattern, but is 
modified inasmuch as the motion for the inside valves is 
obtained without eccentrics on the axle, by means of double 



return cranks and a system of levers and rocking shafts. 
As this motion is out of the ordinary we hope to illustrate 
it in our next issue. 

Owing to the use of the wide firebox of the Belpaire type 
all the coupled wheels are placed under the barrel of the 
boiler, consequently this latter is of great length — 19-84 
between tube plates, although the firebox is inclined to avoid 
excessive weight on the trailing axles. The trailing wheels 
are mounted in a radial armed bogie, with the springs con- 
nected to those of the trailing coupled wheels by compensat- 
ing beams ; all the other coupled axle springs are similarly 
connected. 

The principal dimensions of this engine are given in the 
following table, in which we have included the other Euro- 
pean types of *' Pacific ** engines, also the same type for the 
Pennsylvania Railway, the latter serving to show how far 
behind, as regards mere dimensions, is the largest European 
design. 

Paris- 
Orleans, 



Railway, 



Western 
(France), 

22 x25it 
i: 2-56 
6fr. 4in. 
3ft. 2|in. 
4fi. 7iin. 
13ft. 3>n- 



Cylioders, H.P. ... 
„ L.P. ... 

Ratio 

Wheels, coupled ... 

„ hope 

«, trailing .. 
Wheelboz, coupled 

„ total ... 

Boilei 
Barrel diam. largest 

„ „ length 
Firebox, length ... 

„ width ... 

Grate area 

Heating surfiices, 

tubes 2892 „ 

„ superheater — 

„ firebox ... 150 „ 

„ total ... 3042 „ 

Pressure 227 lbs. 

Weight,full,adhesion 53*5 tons 

„ „ total ... 906 „ 



25ix25J 
1:277 
5ft. loin. 
3ft. Qin. 
3ft. 7iin. 
12ft. 9in 



34ft. %\\\n. 34ft. sin. 

6ft. 5in. 5in. 6in. 
I9rt. i\\n, I9in. 4iin. 
9ft. 3lin. 



Baden 
State, 

l6f X24 

25ix26f 
l: 2-33 

5ft. lo^in. 

4ft. oin. 

3ft. 3|in. 
I2in. II in. 
37ft. oin. 



Great 
Western, 
15x26(4) 



Pennsyl- 
vania. 
24x26 



6ft. 8|in. 

3ft. 2in. 

3ft. Sin. 
14ft. oin. 
34in. Sin. 



6ft. Sin. 

3ft. oin. 

4ft. 6in. 
13ft. I oin. 
35ft. 2lin. 



5ft. 7in. 6ft. oin. 
I7rt. oins. 23ft. oin. 



43»qft. 



6ft. lofin. 7ft. 1 1 in. 
45*93sq.ft. 48sq.ft. 



6ft. ii^in. 

.— 2 1 ft. oin. 

sift. oin. I oft. i|in. 
5ft. 9in. 7ft. 7|ft. 

4l7sq.ft. sq.ft. 



208S „ 
538 .. 
158 ,. 
2784 » 
227 lbs. 
52*05 tons 50*4 tons 



2603 „ 

16s » 
2768 „ 
227 lbs. 



895 



89S 



2673 M 

545 » 
182 „ 

3430 .. 
225 lbs. 
60 tons 
96 „ 



4243 t, 

205 M 

4448 „ 
205 lbs. 
74 '4 tons 
182-6 „ 



Although to a certain extent the *' Atlantic," or 4-4-2 
type of engine has not made the headway in this country 
that was expected of it at the inception of the type, still 
on certain of the Continental lines this type continues to find 
favour, more especially, as is natural, on lines having a 
fairly easy contour; among the latest examples of this type 
are the engines of the Hanover State and Danish State 
Railways. 

The former is a fine design, embodying in it the best 
features of the previous engines of the same type built for 
this railway. The boiler has a wide firebox of the round- 
topped pattern standard on most German lines; the barrel 
is of the wagon-top type, with a taper ring next to the firebdx ; 
the smokebox tube plate is set well back to relieve the bogie 
of the weight of the boiler. Owing to the wide firebox the 
trailing axle is placed behind it, making the total wheel- 
base rather long for an '* Atlantic '* engine, namely 35-ft. 
3.2-ins. 

The four compound cylinders are placed side by side 
under the smokebox, the high pressures being inside the 
frames all drive the same axle. Walschaerts valve gear, 
actuated from return crank, drives the low pressure valve 
direct, the motion being communicated to the high pressure 
valve by rocking shafts. A starting valve is provided to 
admit live steam to the L.P. cylinders at starting The 
following are the main dimensions : — 

Cylinders, H.P., 14.9-in. by 23.6-in. ; L.P., 22.8-in by 
23.6-in. 

Wheels, coupled, 6-ft. 5.9-in. ; Bogie, 3-ft. 3.3-in. ; 
Trailing, 4-ft. 1.2-in. 

Wheelbase, coupled, 7-ft, 6.5-in. ; total, 35-ft. 3.2-in. 

Steam Pressure, 200-lbs. 

Boiler, barrel diameter front, 5-ft. 2.2-in. ; length 
between tube plates, 17-ft. 7-in. 

Firebox, length, 6-ft. 4. 7-in. ; width, 6-ft. 8. 7-in. 

Grate area, 43 sq. ft. 
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Heating surfaces, tubes, 2,628 sq. ft. ; firebox, 208 sq. ft. ; total, 2836 sq. ft. 
Weight full, adhesion, 33.08 tons; total 74.73 tons. 

The Danish engines differ in many respects from those described above, having 
several features more common to American practice than European, and for this 
reason they are of more than ordinary interest. Like m^^^* rr,tyf\nt*ntu} ««ncyin#>c nr^w 
being built, other than those fitted with super-heaters, thei 
compounds. The system used is that brought out b; 
which is balanced and divided, but all the cylinders an 
high and low pressure cylinders are controlled by a 
single double-ported piston valve, requiring, of course, 
but one set of motion. The high pressure cylinders 
are between the frames and drive the leading coupled 
wheels, the outside cylinders being connected to the 
rear drivers. The leading axle has the eccentrics 
placed on it between the cranks and the axlebox, so as 
to get as direct a valve gear as possible. 

Another American feature is the frames, which are 
of the bar form, which lends itself very well to the 
Vauclain form of cylinders, in which the steam chest 
is placed above and between each pair of cylinders. 
The rear end is of slabs, as this form is most convenient 
when a trailing axle is used. The springs of the 
coupled and the rear axle are all connected in one 
series by compensating beams. 

The boiler is of the wide firebox type, the width 
inside the box being 6-ft. 4.4-in. The barrel is in two 
rings, of which the rear one is coned with a maximum 
diameter of 5-ft. ii.6-in. 

Cylinders, H.P., 13.38-in. by 23.62-in.; L.P., 

22.44-in. by 23.62-in. 
Wheels, coupled, 6-ft. 6. i-in. ; bogie and trailii 
Wheelbase, coupled, 6-ft. io.6-in. ; total, 29-ft. 4.36 
Steam pressure, 213-lbs. 

Heating surface, tubes, 2,174 sq. ft.; firebox, 130 sq. ft.; total, 2,304 sq. ft. 
Grate area, 42 sq. ft. 
Weight full, adhesion, 32.45 tons; total, 66.83 tons. 




>^^=^^=^^^^^^j^^-^^^^>^V^ 



Chevalier's Balanced Drop-Light and Draught- 
Excluder. 

Among the things which can be found if one searches at the 
Franco-British Exhibition is Chevalier's Drop-Light and 
Draught-Excluder for railway carriages and motor cars. We 
found this appliance behind a screen at the end of the C. de 
f du Nord*s exhibit. 

This system of Drop-light is extensively used on the 
Continent, particularly on the State railways of France, 
and of Belgium and the Guest of France. The saloon of the 
French President is fitted with them. 

In .^^s system no frame is used round the drop-light, 
plate-giass 7 to 8 m/m ('27 to '31 in. thick with the edges 
rounded and polished being used. It is said that the ma>n- 
tenance of the wood frames, as used in this country, is 
costly. 

It will be noticed, figs, i and 2, that the balancing 
arrangement is very simple and consists only of one (or two 
according to the sike of the window) bent lever a hinged to 
the frame and supported by a coiled spring b, one end of 
which is attached to the door or body framing. The glass 
rests on a cross bar c which rests on the roller d attached 
to the free end of the bent lever a. It follows that as the 
glass descends and the effective length of the lever a increases, 
the tension of the spring also increases, and thus the glass 
is balanced at any height of its travel. The glass is easily 
raised or lowered by means of the knob e which is fixed to it. 

When the glass is at the top it is not thrown over the 
garnish rail, but a hinged metal cover is passed under it and 
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the itflass pulled down on to it. As the glass is 
always tight in its run, rattling is easily prevented. 
The metal cover or draught excluder is illustrated in 
detail by fig. 3. It is hinged at /i, the glass rests on elastic 
fingers or supports 1 at the sides, and which arc attached to 
the cross bar r. The cover / is always pressed outwards by 
the springs, and the hinges are provided with felt pads which 
press against the glass except when it is fully raised. To 
close the window the glass is raised and the cover / pushed 
under it, to open the window the cover / is pulled from under 
the glass without effort by the handle I and the glass at once 
falls on to the balancer and may be pulled down to the 
desired position. 

The maker of this fitting is Mons. H. Chevalier, 61, 
quai dc Crenelle, Paris. 



Books, Papers, and Pamphlets. 

The Design of Typical Steel Railway Hridges. By W. Chask Tiioxisos, 
M.Ca»j.Soc.C.E,» Assistant Enginter, Oom.nion Bridge Co., Ltd., 
Montrea), Canada. London : .Xrchibald Constable & Co., Ltd., 1908. 
We cannot understand why books of this class so fre- 
qucntlv claim to be of an ** Elementary *' character. The 
adjective may indicate modesty on the part of the author, 
hut is often, as in the present instance, an inaccurate 
definition, since the information that the book contains 
would en«ible anyone to completely design several complete 
tvpes of bridges, and, in fact, the Author assumes fairly com- 
plete elementao' knowledge before he commences to write 
his introduction. 

The book is a sequel to the Author's work on ** Bridge 
and Structural Design,*' and consists of full descriptions and 
details in as many chapters of half a dozen types of rail- 
way bridges, including a plate girder, a deck Warren girder, 
a through Pratt truss, a through Pratt truss with curved top 
chord, a swing bridge, an the usual type of American rail- 
way viaduct. 

This method of working out examples after the theory of 
strcs.ses has been discussed, is followed in several American 
books of this class, notably by Merriman and Jacoby, John- 
son, Bryan and Turneame, etc.,' etc., but in the book before us, 
the" two sides of the question, the theory and the example, arc 
cleverly blended into each other as progress is made, with 
satisfactory results. 

In each case this is completed by the writing out in detail 
the weights of the structures described. In our opinion 
this is given at too great length, since given the working 
drawings of any structure and one full example there is no 
difficulty in ascertaining the weight of any girder work. In 
any case it does not seem necessary to work it out fully in the 
liix different cases. 

An introductory chapter deals with the vexed question 
of unit stresses on bridges, and the queston suggests itself 
why some international Commission on standards has not 
given an authoritative pronouncement on how to provide 
for impact and vibrations, and what proper factor of safety 
|o assume in constructional work. 

Turneam's experiments on deflections are referred to, 
which are said to show a maximum increase of 45 per 
pent, from impact and vibration under rapidly moving train 
loads. Tlie wrliter has taken the deflections of many bridges 
on first-class railways in Great Britain, but has certainly 
not found this percentage of increase from moving loads, a 
point which may Indicate that a better and stiffer permanent 
way is to be found on British bridges than the American 
hridges possess, or on the other hand, that the locomoti»ves 
are better balanced. 

We appreciate the honesty of the author in referring his 
readers to other technical books for a fuller discussion on 
column and other stresses, a reference which in no way 
detracts from the book, and is very convenient to a busy 



man who has not overmuch time to find references for him- 
self. The formulae are, however, given at sufficient length, 
quite ample enough for the purpose. 

The provision that one-eighth of the area of the web 
plate is to be added to the flange area for flange stress is 
not usually accepted in English practice, but the next point, 
referring to Mr. Schaub*s paper, is interesting where it is 
shown that if the load be suspended below the bottom flange 
of a girder, no intermediate stiffeners of any kind are re- 
quired. Of a certainty, the function of the web is by no 
means yet fully understood. 

An example of the moment and shear diagram for moving 
loads is given, and how to find the position of the loads 
which gives the maximum moment on the span, briefly, ** if 
the centre of gravity of the total load on the span coincides 
with a wheel concentration, the maximum moment will occur 
under this wheel, when placed at the centre of the span. If 
the centre of gravity of the load falls between two wheels, the 
maximum moment will be under one of these (usually the 
wheel nearest the centre of gravity), when the wheel con- 
sidered and the centre of gravity are equidistant from the 
centre line of the span.** 

The rivet spacing in flanges is amply and clearly 
described, and the splicing of the plates, but we can- 
not but notice the light stiff^ening of the web shown 
in the detail drawing. In this case very light single 
angles are used on each side of the web, where in 
plate girders of similar size on this side of the water we 
should have nothing less than a pair of strong angles with a 
substantiial gusset plate at right angles to the web, even 
if the gusset itself was not stiffened down its outside edge. 

The deck Warren girder, and the two examples of the 
through Pratt truss, are of the usual American type, with 
an extreme depth and high portal at each end. An open 
girder, of whatever type it might be, where the depth is only 
one-fifth of the span, would seem very much out of place 
in England, and although there would be a gam in rigidity, 
and an advantage in securing high overhead bracing, yet 
the structure appears to be of far too spidery a character. 
Again, a bridge with height of 30-ft., but with a clear width 
of only i6-ft., which does not seem sufficiently stable, how- 
ever it may be braced overhead and below. 

The very different and extremely complicated cases of the 
loading of the swing bridge are thoroughly dealt with, but 
here again we have a depth of 28-ft. to a clear width of i6-ft., 
which does not seem satisfactory, especially in a moveable 
bridge where all kinds of wind loading may be expected. 
Here again the drawing and stress diagram are ample and 
excellent, and the finding of the different reactions is clearly 
described and illustrated. The working out of the details 
of the gearing is fully dealt with, and the proportioning of 
the rollers, centre pivot, and end lifting arrangements. We 
wish, however, that we could find sonrie treat tent Ifi 
language easy to understand, of the earlier small swing 
bridges where both ends of the 5?wing span are supported 
by means of tie rods, sloping down towards the ends, other- 
wise the toe and heel, from the top of one or more support- 
ing pillars resting on a ring of live rollers. It is easy enough 
to ^et information referring to the largfe swing or draw 
bridges of to-day, but the information is very scant with 
regard to the older type of swing bridge such as we have 
mentioned. 

There is nothing striking in the next two chapters deal- 
ing with ** Railway Viaducts ** and ** Additional Types of 
Steel Railway Bridges." and this brings us to the concluding 
chapter on **The Latticing of Compression Members.** 

This is an explanation or modification of Morris* method, 
published in the Enfrineering News in November and Decem- 
ber, 1007, of course with a view to the Quebec failure. The 
proof of the correctness of such formula is of course only 
possible where tests are made of full-size members, but we 
note that our author has applied the formulae satisfactorUy 
to the compression members of the several examples given 
earlier in the book, and proceeds to argue from this that 
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the result would be equally satisfactory if applied to other 
columns braced with lattices. 

We should have liked to have seen the formula applied 
to the Quebec member that failed, with a few hints showing 
how an improvement could have been made. 

The explanatory matter is well written, the diagrams and 
drawings are clear and excellent, and the book should be of 
great use to the engineer of bridges. 



Locomotives a Vapeur. By J. Nad\l, assistant chief Locomotive Engineer 
French State Railways. Illustrated. Paris : O. Doin. 

This book, the text of which is in F"rench, is almost entirely 
devoted to modern steam locomotives, as during the last 20 
years locomotives have made such progress that the oldest 
types have now only an historical interest. 

In Chapter I. boilers, in Chapter, II. wheels, frames and 
susf>ension, in Chapter III. motions are examined in detail, 
both as regards French and foreign practice, and the types 
most in favour are given prominence. 

The theoretical and practical consideration connected with 
the construction and working of locomotives are dealt with 
in accordance with actual experience in Chapter IV., and 
V. is devoted to the determination of the power of loco- 
motives and a review of the different method of using steam — 
simple, compound and super-heating and of the different 
types of locomotives. 

It is a useful and well- writ ten book by a locomotive 
engineer. 



Voids^ SeftUment and Weight of Crushed Stone, By Ira O. Bakbr, 
Bulletin No. 23 of the University of Illinois Engineering Experiment 
Station, Urbana, 111. 

This bulletin gives the results of some experiments to 
determine the proportion of voids in crushed stone loaded 
by various methods in cars and in wagons, to find the amount 
of settlement during transportation in wagons and in cars 
also to obtain the relation between the weight of a unit of 
volume of the solid stone and that of the same volume of 
crushed stone immediately after being loaded in various ways, 
into cars and wagons, and also after being transported 
different distances. Crushed stone is usually nominally 
bought and sold by volume, but really by weight, since in 
ordinary commercial transactions the weight of a cubic yard 
of crushed stone is assumed and the number of yards in a 
shipment is obtained by dividing the total weight by the 
assumed weight of a cubic yard ; and yet there seem to have 
been almost no experiments made to determine the actual 
weight of a cubic yard of crushed stone under any particular 
condition. Apparently the only experiments heretofore made 
upon this general subject are a few brief ones upon trap rock, 
conducted by Mr. McClintock, lately President of the 
Massachusetts Highway Commission. An account of his 
experiments is presented and discussed in this bulletin, but 
the main features are an elaborate series of tests upon crushed 
limestone from Chester, Joliet and Kankakee, all in Illinois. 
All the results are summarized in a table which gives for 
different sizes of crushed stone the co-efficients by which to 
multiply either the weight of a cubic foot of the solid stone 
(or its specific gravity) to get the weight of a cubic yard of 
the crushed stone at the crusher and also at the destination, 
for stone from the three different quarries. This elaborate 
table is summarized in the following statement : The mean 
co-efficient by which to multiply the weight of a cubic foot of 
solid limestone to obtain the weight of a cubic yard of crushed 
limestone is as follows : — 

For ^in. screenings ... ... ... X5.5 

For iin. to 2in. stone ... ... ... 14-6 

For 2in. to 3in. stone ... ... ... 152 

For trap rock the corresponding co-efficients are as fol- 
lows ; — 

For ^in. screenings ... ... ... ...14-6 

For Jin. to i^in. stone 135 

For ijin. to 3in. stone 13-9 



Mallet Articulated Compound Locomotires* Record No. 65 isisued by 
the Baldwin Locomotive Works, Philadelphia, Pa. 
This is a reprint of the paper by Mr. Grafton Grccnough 
read before the Engineers* Club of Philadelphia in March 
last. It is well illustrated with photographic views and 
detail drawings and gives full particulars of the huge Mallet 
Articulated Compound Locomotives built by the Baldwin 
Locomotive Works for the Southern Pacific and other 
Railways. 

Received. 

The Design for Typical Steel Bridges. An elempntory rourse for En- 
gineer Students and Draughtsmen. By VV. Chase Thomson, 
M.Can..Soc.C.E. ; Assistant Engineer, Dominion Bridge Co., 
Montreal. New York : The Engineering News Publishing Co. ; 
London : Archibald Constable and Co., Ltd., 10, Orange Street. 
Leicester Square, W.C.. 1908. [178 pp. : 8ji by 8 ; price &s. net.] 

Locomotives a Vapeur, By Joseph Nadal, Assistant Chief I^ocomoiivc 
Engineer of the French State Railways. With 76 illustrations. 
Paris : Octave Doin, 8, Place de L'Ode6n, 1908. [315 pp. ; 7 by ^f ; 
text in French ; price 5 /res.] 

The Gas Engine Manual, a practical handbook of Gas Engine Con- 
struction and Management. By W. A. Tookey. Illustrated. Lon- 
don : Percival Marshall and Co., 26-28, Poppin's Court, Fleet Street, 
E.C. [186 pp. ; 8| by si ; price 31. td,] 

The Modern Steam Engine : Theory — Design — Construction — Use, A 
practical treatise. By John Richardson, M.lnst.C.E., M.Inst. M.E, 
With 300 illustrations. London : Archibald Constable and Co., Ltd,, 
10, Orange Street. Leicester Square, W.C. 1908. [384 pp. ; 
H by si I price 7*. 6d. net.] 

Tables for Setting Out Curves, from 200 to 4,000 metre?* radius by 
tangential angles or offsets from tangents. By H. Williamson. 
London : E. and F. N. Spon. Ltd., 57, Haymarkct. 1908. [50 pp.; 
4i by 3i ; PJ^ce 2s, net.] 

English Prices with Russian Equivalents, calculated at 14 ratrs of ex- 
change in roubles per pood, giving rate per lb. and equivalent per 
ton. By A. Adiassewich. London : E. and F. N, Spon, Ltd., 57, 
Haymarket. 1908. [185 pp. ; 3i by 4 ; price is. net.] 

The Application of Highly Superheated Steam to Locomotives, being a 
reprint from a series of articles appearing in The Engineer, By 
RoBT. Oarbe. Edited by Lrsue S. Robertson. With illustrations 
and tables. London : Crosby, Lock wood and Son, 7, Stationers' Hall 
Court, E.C. 1908. [77 pp. ; 9|in. by 6in. and 7 foHing plates ; 
price, js. 6d,] 

Flexible Metallic Tubing. 

The use of the tubing made by the United Flexible Metallic 
Tubing Co. has largely extended of recent years. It has the 
great advantage of 
being light, strong 
and very flexible, 
while at the same 
time it is not materi- 
ally affected by heat 
or cold, and not at 
all by grease, which 
is the great enemy 
of rubber. For con- 
veying oil or greasy 
liquids or gas it 
gives excellent re- 
sults, and supports 
any ordinary internal 
pressure, while 
special qualities for 
hydraulics are made 
for high pressures 
up to 2,000 lbs. per 
sq. in., and for 
steam pressures up 
to 300 lbs. per sq. in. 
It is made in a wide 
range of diameters, 
as may be seen from 
the company's show 
in the Machinery 
Hall at the Fraiico- 
British Exhibition, 
and of which the 
annexed illustration is a view. 
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Roofs— IX.* 

Compression Members. 
The calculation of the strength of a strut, column, or 
stanchion is by no means a simple matter if one is com- 
pelled to wade through text books and work out the complete 
theor)'. Further, although much has been written about 
the column, yet the data upon which all column formulae 
arc based are very much of an empirical nature and cannot 
by any means be accepted as exact and final, ns in the case 
of beams, girders, and roof principals. 

It is not quite obvious why columns should bend under 
end loading, although, of course, it is well known that they 
do. At what precise proportion of length to least diameter 
the column begins to fail by bending and not by direct com- 
pression is not a matter of certainty, but it is generally 
understood that a proportion of 20 for wood, 10 for wrought 
iron, and 5 for cast iron, for the length of column over the 
least diameter, is the limit at which the member becomes 
a ** long ** column, and when bending instead of crushing 
under load may be anticipated. 

The discussion that commenced in the technical Press 
immediately after the Quebec Bridge disaster and the recent 
paper by Mr. J. K. Worcester with the discussion before 
the Am.Soc.C.K., has shown that the question of column 
formula? is still uncertain, especially with reference to full- 
size members of bridge trusses. One American journal 
states that ** there is no theory or rational formula in exist- 
ence by which either the elastic or ultimate carrying power 
of an ordinary bridge column can be computed.*' By this 
it may be understood that the column formula? in use are 
based upon a too small size of specimen taken to the testing 
machine, as well as on a wrong and unusual proportion ot 
length to least diameter. 

Another reason for doubting these tests is that usually 
the tested column failed locally, say in the riveting or in 
the connections, and did not fail as a whole. This, of course, 
introduces the question of unsatisfactory design, or other- 
wise, and further complicates the matter, and suggests that 
the ultimate strength may coincide with the elastic limit in 
many cases where it should not. Many failure tests have 
shown that no sensible distortion occurred, proving that the 
design of a strut is of equal importance to its calculated 
strength, and that the results of such tests may be danger- 
ously delusive, when used for other cases. 

The classic experiments of Hodgkinson have proved that 
the mode of failure of cast iron struts with a length up to 
4 or 5 times the diameter is the same, and that when the 
length exceeds this proportion the column bends. It was 
found that with the lesser length the fracture formed a 
wedge, or was shaped as a cone or pyramid at the ends of 
the specimen, splitting off the sides, the height being 
approximately ij times the diameter. It was also discovered 
that the tensile resistance to the compressive resistance of the 
metal was as i to 7 or 8, which, with 7 tons tensile strength, 
gives about 49 tons per sq. in. for the ultimate compressive 
resistance. 

The experiments went on for long columns, and in the 
case of three such long columns, where the first had both 

*The previous articl*'^ of this seiics appeared in ihc Kaiiway Eft^tttccr as 

follows:— I,, May, 1907 ; II., July, 1907: III., .<^epiember, 1907; IV., 

October, 19075 V., December, 1907; VI., February, 1908; VII., 

April, 1908; VIII., June, 1908. 



ends rounded, the second one round end and one flat end, 
and the third both ends flat; then the relative strengths were 
as I :2 13 nearly. It has since been discovered that the 
same properties, depending upon the condition of the ends, 
are also found in columns of wood, wrought iron and steel. 

The standard text book of Stoney gives the strength 
of long, square or round columns as varying directly as the 
fourth power of the diameter, and inversely nearly as the 
square of the length, or to be exact, to the r865th power. 
The strength of similar columns varies as the squares of 
any lineal dimension of the cross section, or in other words, 
of the sectional areas; the weights vary as the cubes of the 
dimensions, and if the strength of long columns of similar 
section are the same whilst the length varies then the 
sectional areas vary as the lengths, and the weights vary 
as the squares of the lengths. Stoney also states that the 
strength of a column depends not so much upon the direct 
strength of the material of which the column consists as it 
does upon the co-efficient of elasticity, which, of course, is 
the measure of the stiffness and resistance to flexure of the 
material. 

Again, a comparison has been made between taper 
columns and cylindrical columns, and if the larger diameter 
of the column is D^ and the smaller Do, whilst the diameter 
of the cylindrical column is D3, it is found that the compara- 
tive strength of the two varies as \){^ I)./ to Dg^, which 
proves that if the columns are the same in other respects 
the cylindrical one is the stronger. It has also been proved 
in the comparison of a flanged column with a hollow cylin- 
drical column of equal weight and, of course, equal sectional 
area, that the strength of the flanged section is only f that 
of the circular section, whilst the proportion of the strength 
of a cruciform section is less than \ that of the circular 
section, all other things remaining the same. 

Again, the strength of a solid square cast iron column 
is half as much again as a solid round column of the 
same diameter, whilst it was found that solid square columns 
break in the direction of a diagonal drawn between any two 
of the corners, and for the same reason it may be said that 
the square section is the strongest form of a rectangular 
timber strut, a fact that will be evident when it is seen that 

the fraction — or — is the greatest in a square section, all 

other things being the same. 

Hodgkinson found that the resistance of columhs of a 
length of 30 diameters up to 120 diameters is as the 3'6th 
power of the diameter, and as the i*7th power of the length, 
and from this the following formula? were derived : — 
for solid co'umn*", IV^ti B^^ -^ /^'^ 
for hollow „ W= n {D^ « - d^-^) -r /^'^ 
when D is the external diameter in inches, d the internal 
diameter in inches, / the length in feet, W the breaking 
load in tons, and n a constant depending upon the condition 
of the fixing of the ends. 

The following values of the constant n are given : — 
Solid columns with flat ends ... ... 44* 16 

M M M rounded ,, 149 

Hollow ,, ,, flat ,, 4434 

,, ,, ,, rounded ,, 13*00 

The use of the complex power of any number becomes, 
of course, a simple matter when a table of logarithms is 
available* 
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In the above case, however, the resistance is only that 
against the bending of the column, which is the measure of 
its strength; but if shorter columns are considered, which 
are of course assumed to also possess, together with the 
direct compressive strength, a certain flexibility; then the 
resistance is compounded both of compressive resistance and 
transverse resistance, and the preceding value of JV is re- 
quired to be modified by the formula — 

where IV^ is the amended breaking load, and C the direct 
compressive resistance of the column (say the sectional area 
X 40 to 49 tons per sq. inch). 

Of course if it is desired to keep to the same unit in 
the linear dimensions, that of feet or of inches, the constants 
in the formulae must be modified accordingly. The same also 
with regard to the strength being required in pounds or 
cwts. instead of tons; and if it is necessary, or found more 
convenient, to give the result as a safe resistance instead of 
an ultimate or breaking resistance, then the constant n must be 
divided by the factor of safety desired in the work. Anglin 
recommends a factor of safety of from 6 to 10 for steady 
loads on cast iron columns, and 12 to 20 for vibratory 
loading. 

It will be noted from the preceding formulae that all the 
factors are constant except the factor D^/, so that if this 
factor remains the same it does not matter what size or 
what length the column may be. This fact will be referred 
to again later on. Another important factor in the strength 
of the column or strut is the manner in which the ends 
are fixed, whether rigidly connected to surrounding work, 
flat bedded, round bedded, or fastened to pins that will allow 
the strut to move, say, in one direction. So, therefore, if 
the condition of the fixing of the ends is known, and the 
proportion of l-rd or /-rfc, nothing else is of any consequence 
so far as the theory of calculation goes. 

Hodgkinson gives the following formula* with regard to 
the strength of timber struts or columns where the length 
exceeds 30 diameters, and where both ends are flat and well 
bedded : — 

Long square columns of dry Dantzic oak : 
lV=io'gs d^^P, 
long square columns of dry red deal : 

IF = 7-8o cZ*-f/3, 
long square columns of dry French oak : 
IF = 690 d*-^P. 

Where IF is the breaking weight in tons, d the breadth in 
inches, and / the length in feet. 

Where the length of the timber column is less than 30 
diameters the result of the above calculation is again to be 
modified by the same formula as in the case of the cast iron 
column previously given, that is : 

lP=^Fc-f(ir-f Jc). 

When a strut or stanchion of this rectangular section is 
of oblong shape the least diameter is taken in the formula, 
thus if the long dimension is twice the shorter dimension, 
then the result as found above is to be modified by a 
multiplication of 2, or, in other words, by the ratio of the 
longer to the shorter dimension. 

Euler's formula for elastic bending is as follows : — 
Crippling load= tt^ EI^P for pin-ended struts, 
where E is the modulus of elasticity of the material, / the 
Moment of Inertia, and / the length of the column or strut. 



It may however be expressed to suit all possible cases by 
P^nir'i EI^P 
where n is a constant depending upon the condition of the 
attachment of the ends of the strut. 

The value of this constant as given by Ewing is : 
Both ends round = i 

Both ends fixed in direction and position = 4 
M M M M >> one end only 

fixed in position = i 

,, », ,, ,, position, one end fixed 
in direction = 2J 

One end fixed in direction, the other end 
round and free to move sideways = J 

Taking the first state of the formula. 
Crippling load =7r 2 £/^|3 
and taking E as 12,800 tons per square inch, and allowing 
a factor of safety of 5, the safe pressure per square inch 
becomes : 

Permissible stress per square inch = 
3* 1410- X 12800 X 7^5/^ = 25260/ -j-P 
or introducing the radius of gyration, which is i^=J-^A, we 
have 252^0 I ^P A =2^2(yo t^^P for pin ended struts, a form 
where all other factors being constant there is, as in a 
previous case, the proportion r^-fP to govern the result of the 
calculation, no matter what may be the linear dimensions of 
the column, and it is only necessary to introduce the constant 
n to suit the condition of end fixing. 

Euler's formula, however, only applies in the case of 
very long colunms that bend under the load before the limit 
of elasticity of the material is reached. Lincham says that 
the formula does not include any consideration of the com- 
pressive stress on the material, but gives only the load which 
will produce neutral equilibrium in the bending of a long bar, 
and '*even does this imperfectly, for when a bar is subjected 
to both direct and bending stresses the neutral axis no 
longer passes through the centre of gravity of the section." 

Perhaps one of the simplest rules for the strength of 
columns is that deduced by Gordon from the experiments of 
Hodgkinson, and is : 

t=/-(i+(a-c){/-d)«) 
in which t = average thrust in tons per square inch on section 
of strut, 
/—intensity of stress in tons per square inch due to 
thrust and flexure, 
wrought iron= 18 tons per square inch, 
mild steel =^26 ,, ,, ,, ,, 

cast iron =^3^^ n »i m n 

a = constant depending on the condition of the ends 
c= ,, ,, ,, shape of cross section 

and nature of material. 
/ = length in inches. 
f/ = least diameter in inches, 
the values of the constant a being as follows : 
for both ends fixed = i 
for both ends pivoted = 4 

for one end fixed and the other pivoted = 25 
for one end fixed and the other free ... = 16 
and the value of constant c : — 
for lectangular or cylindrical bars of wrought iron 

or mild steel ... = 2500 

for angle, tee, cross, channel, rolled joist, built 

sections generally... — 35CX> 
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/=5' 



c= 14CX) 
c= 900 
= 2480 
c= 1600 



(357* n 

(23*21 n 

(37*05 n 

( 2-23 „ 

36000 to 40000 



Anglin says for solid rectangular columns of wrought 
iron : 

/=i6 tons, c = 30oo. 
Unwin recommends for wrought iron struts of channel, 
L, T, + etc. : 

/= 19 tons, c = 90o. 
Baker recommends for steel columns : 

^ ,. , , .„ rmild steel / = 30 tons 

Solid rectangular pillars { ^ , 

^ ^ \ strong „ / = 5i „ 

Solid round pillars ("^^'^ ^^^^^ /=30 ., 

I strong 

Trantwine gives the following values : 
/ = gc)od wrought iron 40000 lbs (17*85 tons 
cast iron 80000 

mild steel '15% carbon 52000 
hard steel '36% carbon 83000 
pine 5000 

c= wrought iron, both ends flat 

wrought iron, both ends hinged 18000 to 20000 
wrought iron, one end fixed and 

one end hinged ... ... 24000 to 30000 

For cast iron \ of these figures is used. 
,, pine T^j of these figures is used. 
Greene gives the following for the constant a-¥c\ — 
Ends fixed 1/250 for rectangular timber struts. 
,, „ 1/3000 ,, ,, wrought iron „ 

,, ,, 1/800 ,, cast iron 
and where struts are jointed at their ends by pin connec- 
tions, or are so narrow as to yield sideways at these points, 
2a is to take the place of a ; if one end is firmly fixed in 
direction while the other end is jointed \a is to be used 
in place of a. 

Rivington's Notes, Vol. IV., gives the following values 
of constants when using Gordon's formula (reducing from the 
figures given in the book with factor of safety of 4), to 
ultimate strength. 

Constant /= timber 26 tons per .square inch 
wrought iron 16 tons ,, ,, 
cast iron 32 ,, „ ,, 

Constant a = as above 1:4:2*5 for both ends fixed, 
both ends pivoted, and one end fixed 
and the other end pivoted. 
Constant c = timber, rectangular and circular = 
rectangular, circular, solid or 
hollow 
jL, T, +, I, square, channels 
\ back to back, channels 
^circular solid 
hollow 
rectangular 
across shaped 
Clark gives figures different again 
modified from the actual figures given 
the same figures are given by Lineham. 

thus for / = cast iron = 36 (Hodgkinson) 

wrought iron = 16 for solid rectangular 

(Stoney) 
II M = 19 foJ* L, T, -f , channel 

(Unwin) 



wrought iron 



cast iron 



250 



— 2500 

900 
400 
800 

533 
266 



(as follows when 
in the book), and 



mild steel = 30 (Baker) 
strong „ = 51 (Baker) 



(solid or hollow round = 400 
(Hodgkinson) 
„ ,, ,, rectangular = 500 
(Hodgkinson) 

(solid rectangular =3000 
(Stoney) 
for L, T, +, channel 

= 900 (Unwin) 

(solid round = 1400 (Baker) 
,, rectangular = 2480 
(Baker) 
( solid round = 900 (Baker) 
strong steel \ ,, rectangular = 1600 

i (Baker) 

The Carnegie Steel Co. give the following for cast iron 
columns : — 
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and suggest for columns of medium steel a factor of safety 
of 4 for quiescent loads as in buildings, and 5 for moving 
loads as in bridges. 

They also give for seasoned rectangular wooden pillars : — 

/ a-rc 

yellow pine (southern) (1125 x 4) 4500 y^o 
white oak ( 925 x 4) 3700 „ 

white pine and spruce ( 800 x 4) 3200 „ 

and suggest a factor of safety of 4 for short columns and 5 
for long columns, we presume under quiescent loading. 
(To be continued.) 



Saloon Carriages, Shanghai-N&nking Railway. 

The Metropolitan Amalgamated Railway Carriage and 
Wagon Co., Ltd., recently completed at their Saltley Works, 
Birmingham, under the inspection of Sir John Wolfe Barry and 
Partners, two saloon carriages for the Shanghai-Nanking Rail- 
way, and of which the principal dimensions are ; Lengths 
respectively over the corner pillars, 6i-ft. 2|-in. and 45-ft. 2i-in. ; 
lenj^ths over the platforms, 6i-ft. ij-in. and 52-ft. ij-in. ; width, 
lo-ft; rail to top of roof, 13-ft. ii.J-in. ; rail to floor, 4-ft. 5-in. ; 
floor to under cant rail, 7-ft. i-in. ; wheel base, 47-ft- and 31-ft. 
respectively ; wheel base of bogies, 9-ft. ; diameter of wheels, 
3-ft. ()J-in. ; journals, 9-in. by 42-in. ; centre to centre of journals, 
6-ft. 6-in. ; gauge, 4-ft. 8|-in. 

The arrangement of both carriages is in many respects 
similar, each being complete in itself and comprising dining, 
sleeping, bathrooms, and lavatories, together with a kitchen and 
compartments for the use of attendants. The 52-ft. saloon, 
being intended for the use of the Railway Authorities, contains 
compartments for the exclusive accommodation of the Chief 
Officers of the Line. 

The general structure of the carriages is a combination of 
both English and foreign practice. The arrangements of the 
windows and the methods of br.acing the body sides being similar 
to the usual methods employed on foreign cars, whilst the out- 
side of the carriages is panelled and moulded after the manner 
of English stock. The outside panels are of planished steel, and 
the mouldings are of teak. The body framing is also of teak. 
The interior finish is on somewhat new lines for railway carriage 
work, bold in character, proportionate and thoroughly substantial. 

The 68-ft. carriage is divided into dining, state-berth, observa- 
tion, bath and bedrooms, lavatories, kitchen and attendants' com- 
partment. The observation compartment is 6-ft. 7-in. long by 
the full width of the carriage. It has two windows each side, 
two at the end and a door 2-ift.6-in. wide, which gives access to an 
open platform, and has an upper panel of clear glass. The walls 
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of the compartment are finished in polished quartered oak panels, 
oak facias and mouldings. The end partition is furnished with 
three bevelled mirrors, the middle one being of ornamental shape, 
and has fixed to it a small reading table, provided with an electric 
reading lamp, a water bottle and glass holder and a small drawer. 
Four chairs of polished oak, upholstered with red buffalo hide are 
provided ; the floor is covered with a green Axminster carpet ; 
green tapestry curtains are hung at the windows by ivory rings 
on metallic silver oxidised poles and brackets. A heavy cornice 
supports a dome roof of ornamented millboard panels, the upper 
part of the cove panels being secured with a moulded frame which 
also secures a centre panel having ornamental borders and 
corners of lincrusta. Attached to this centre panel is a larcje 
exhaust ventilator and a four-light electrolier. The compartment 
is provided with matchbox holder and ash tray, etc., and bell 
communication with the attendants is arranged. The open pl.it- 



form with which this compartment directly communicates is 
protected with wrought iron scroll work palisades, gates and 
standards, each gate and each section of the palisades being formed 
to receive a shield embossed with the monogram of the railway. 
The floor is covered with a non-slip rubber mat and steps to the 
ground are fitted with patent treads. 

A corridor 2-ft. 3-in. wide, furnished in polished teak, con- 
nects the observation compartment and the dining room, passing 
the large lavatory and the state berth room. 

The dining room is approximately in the centre of the car- 
riage. It is 10-ft. ii-in. long, and finished entirely in polished 
mahogany. Pilasters of semi-elliptical section, with massive 
carved capitals and cirved trusses, support the cornice. Between 
the pilaster on each body side are arranged two large windows 
and on each partition two bevelled mirrors. This arrangement 
has given a noble and synmietrical appearance to the room. 



.68ft. oin. Saloon ; Shanghai- Nanking Railway. 



Dining Room : 68fl. oin. Saloon ; Shanghai- Nanking Railway. 
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Bath Room. 
Observatory Compartment. 



State Berth Room. Bedroom. 

68ft. oin. Saloon ; Shanghai-Nanking Railway. 
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52rr. cin. Saloon ; Shanghai-Nanking Railway. 



The table and chairs are of polished mahogany, the chairs 
being upholstered with blue buffalo hide. Communication with 
the attendants is obtained by means of bell pushes fixed at the 
corner of the table, the legs of which are bored to receive the 
necessary wires. The floor is covered with a scarlet Axminster 
carpet and the windows are provided with scarlet curtains. A 
small glassware cupboard occupies a corner of the room. The 
ceiling is domed in a similar manner to that of the observation 
compartment, but in addition to the central electrolier, four small 
single light pendants are fixed at the corners of the centre panel 
frame. Two hinged doors open into corridors, one corridor, as 
before mentioned, leads to the lavatory and the obsorvntion com- 



partment, the other leads to the bathroom, kitchen and atten- 
dants* compartment. Sliding doors, hung on ** Crittairs '* anti- 
friction bearings and guide at the bottom with noiseless shoes, 
communicate with the state-berth room and the bedroom. The 
door furniture and other fittings are of especial and artistic designs, 
usually incorporating the dragon ; they are silver plated and 
oxidised, and were manufactured by Jas. Beresford and Sons, of 
Birmingham. 

The state-berth room is ii-ft. lo-in. long by 6-ft. loj-in. wide. 
It provides sleeping accommodation for 2 persons in lower berths 
and two in upper berths. The interior framing and the lower 
panels of this room are of polished American walnut, whilst the 
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upper panels are of sycamore; all panels are fielded. As this 
room will be used for both day and night travelling, the lower 
berths are arranged as ordinary carriage seats, with the difference 
that their width can be increased for use as beds. The upper 
berths are panelled on the under side, and may be hinged up 
vertically against the partitions, each being secured with two 
strong ornamental spring catches ; when in use the berths are 
supported with steel folding arms or lazy tongs. Two chairs and 
a moveable table are provided. 

The upholstery is of green buffalo hide, the curtains and carpet 
being green and scarlet. The ceiling is a large ornamental mill- 
board panel of elliptical shape, carr\'ing air extracting ventilators. 
The illumination of this room is by means of a large electrolier 
and a small table lamp, half-light switches are installed for night 
travelling. 

The bedroom is 7-ft. long by 6-ft. loj-in. wide. It is finished 
in pure white, and thus forming a striking contrast to the other 
compartments of the saloon. Two windows, each 2-ft. wide, 
are provided at the body side, and opposite these on the corridor 
partition are fi.xed two bevelled mirrors. Carved pilasters are 
arranged at the sides of the windows and mirrors, the corners of 
the room, and at the sides of the doorways. The walls are 
covered with stippled millboard panels, with lincrusta ornamenta- 
tion. The beds are carried upon wire spring mattresses, and 
cupboards and drawers for bedding are arranged under the beds. 
At the foot of each bed a small table is fixed and water bottle and 
glass holders being provided, also electric bell pushes. Four 
single lamp brackets are carried at the tops of the pilasters on the 
transverse walls. 

A hinged door opens into the bathroom, which is of the same 
dimensions as the bedroom. This room has a full-size bath, a 
folding lavatory basin, a hopper with flushing cistern, water bottle 



and glass holders, hat pegs, toilet and towel baskets, etc, and a 
small dressing table. The supply of hot water is obtained from a 
tank fixed at the side of the kitchen stove. The walls of the 
bathroom are covered with ** Emdeca,** pasted to a backing of 
J-in. cork. All exposed woodwork is painted white. The large 
lavatory contains a filter and a large wardrobe in addition 
to the usual fittings. The walls are covered with ** Emdeca ** 
similar to the bathroom, and all woodwork is painted white. The 
water for lavatory and bathroom purposes is carried in tanks 
fixed above the corridor ceilings. Most of the lavatory fittings 
are of James Beresford and Sons' manufacture. 

Installed in this saloon carriage and also in the smaller 
carriage is ** Stones " system of combined heating and ventilat- 
ing. High pressure steam from the locomotive is taken from the 
main heating pipe and conveyed through ^-in. pipes to two 
heating coils situated one on each side above the bathroom ceiling, 
3-1 n. pipes being connected to these and carried through ducts 
at the sides of the carriage. A perforated zinc air collector is 
fixed on the top of the roof, the air collected, after being filtered 
by passing through a cocoanut fibre mat floating in a tank of 
water, enters tubes leading to the said duct containing the heat- 
ing coils. Connecting each heating coil chamber is a 25 volts 
electrically driven motor, with fans which draw in purified air 
and force it over the heating coil and thence through the ducts 
to openings into the various rooms. The ducts are made partly 
of zinc and partly of wood, and being fixed behind the cornices 
they are so neatly hidden that the small silver oxidised handles 
which operate the shutters for regulating the intake of air are the 
only visible evidence of their presence. A regulating cock is pro- 
vided between the main steam pipe and the heating coils, thus 
enabling air of any desired temperature to be driven along the 
ducts. The bathroom ceiling is arranged to give easy access to 
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the motors, heating coils and air purifying bath, and the latter 
may be readily removed for cleansing or renewal. 

The kitchen is 6-ft. 7i-in. long by 6-ft. lof-in. wide. It is 
provided with a coal burning stove, hot water tank, ice boxes, 
sink, draining rack and the usual culinary appliances. As pre- 
cautions against fire the floor is covered with a steel plate and the 
partition at the back of the stove is double, being made of steel 
plates, lined with asbestos, with a space of i-i"- between them. 
The outer plate extends to within a few inches of the floor. 1 he 
ceiling is lined with asbestos and sheeted with steel. The stove 
flue consists of two steel tubes carried to a cowl above the roof. 
Between the inner and outer tubes is a 2-in, air space. The ceil- 
ing of the kitchen is built in sections, as it has to be removed 
to give access to water tanks which are situated between it and 
the outer roof. The manner of supporting the tanks will admit 
of their easy removal in the event of repairs being required. 

TThe attendant's compartment is 5-ft. bj-in. long, and contains 
a small lavatory compartment. It is provided with cushioned 
seats, an upper berth, a parcel rack and a movejdalc table. 

The 52-ft. saloon carriage consists of a living room and secre- 
tary's, engineer's, bath, kitchen, servants' and lavatory compart- 
ments and platforms. 

The living room (ii-ft. jj-in. long) is at one end of the car- 
riage, end windows being provided. A hinged door connects an 
open platform. The furniture of this compartment comprises .1 
couch (which may be extended for use as a lounge), a dining 
table, four upholstered chairs and a mahogany sideboard ; the 
latter covers the whole of the partition which separates this room 
from the other compartments and is fitted with cupboards, 
drawers and bevelled miricrfs. The entire wood finishing is of 
polished mahogany, notiteable features being the fluted pilasters 
with carved double capital^, the various forms of mouldings and 
the character of the cornice. The upholstery is of green buffalo 
hide, and the Axminster carpet and tapestry curtains being of 
scarlet. The ceiling is similar in design and ornamentation to 
that of the dining room of the other saloon carriage. Access to 
ttie two next compartments is by a corridor, finished in polished 
oak. 

These compartments are for the personal use of the chief 
officers of the line. Each compartment contains a roll -top desk, 
an ofl^ce chair and an assistant's table and stool. One compart- 
ment f.s finished in light figured oak, the other in walnut and 
sycamore. Both compartments are provided with upholstered 
seats, 6-ft. lo-in. long, and convertible into sleeping berths. The 
Walnut and sycamore compartment is also provided with an upper 
berth similar in construction to those of the state berth room. In 
the oak compartment is fixed a cabinet lavatory and a bevelled 
mirror. Both compartments are lighted up with electroliers and 
table lamps. 

The bathroom, kitchen, and servants' compartments are 
arranged and finished in the same manner as those of the 68-ft. 
saloon. 

The metal furniture used throughout the saloons Is silver 
oxidised and relieved, except that in the servants' and kitchen 
compartments, this being copper oxidised and relieved. 

All ceilings are painted pure white and the floors of all com- 
partments and of the corridors are covered with ** Kork Lino." 

To muffle the transmission of sound through the floors, these 
are constructed of two layers of boards placed ifin. apart, the 
intervening space being filled with well rammed teak sawdust. 
Precautions have been taken to prevent the entry of dust 
through the window openings by means of gauze wire and 
Venetian frames. The drop windows and the Venetian frame:^ 
are supported by *' Laycock's " patent window balancers. 

Mone and Co.'s system of electric lighting is installed. 
^ rhe outside panels of the saloons are painted, the upper ones 
m Chinese yellow and the lower ones are grained in a vxtv true 
representation of teak. These panels carry transfers of the 'mono, 
gram of the railway and also the arms of China. 

The saloons, being too large to be transhipped to China com- 
plete, were made in such a manner as to be taken to pieces in 
sections, each side in three parts and each roof and floor in two 
tvery precaution was taken to minimise the effects of the lone 
sea voyage all being packed in zinc-lined cases, the dimensions of 
some of these exceeding 38-ft. 6.in. x ii-ft. x j-ft. O-in and 
weighing nearly 6 tons. ^ ' 

Under frames. —These are constructed of rolled sections 
connected in the usual manner with knees and gusset plates', 
and stiffened by diagonal bracing. The solebars\and longitu- 
fnrnLf'%'' '"^ Mu^ 7/ « 6 channels, jointed at the middle to 

wfrh Hn Kr^'P^'^' ,^^^ '*'*'^ J°'"^^ ^^'"^ ^"'t'»l>»v strengthened 
with double cover plates, one of each being flanged to fit in the 
trough of the channel The bolsters are built up o plates and 
angles, being increased to i2in. deep in the middle to^ ^ke the 



ends of the longitudinals, which are 12 x 4 x 7/16 channels 
which go through to headstocks of the same section, bent to the 
shape of the end of the vestibule and platforms. The frames are 
set back at the ends under the platform to accommodate the 
side steps, and so bring them within the loading gauge. The 
end longitudinals are arranged to take the standard type of 
draw and buffing g«ir, which consists of a central type of 
.Vutomatic coupler, combined with a spring bumping plate, 
situated below the coupler. The lengths over the headstocks are 
68-ft. and 52-ft. resT>e€tively, both frames being ()-ft. 5-in. wide 
over solebars, whicn have queen post trusses, the rods being 
I fin. diam. The dynamo and accumulator boxes are suspended 
in the usual manner from the crossbars. 

Bodies. — The bogies are built up of plates and angles, and 
follow the standard practice of the railway co., except that the 
bolster springs are fitted with McCord's patent damping arrange- 
ment. In addition to the bulj»ter springs they arc provided with 
laminated springs over each axle-box, suspended through 
auxiliary bearing springs of spiral pattern. 

The cars are equipped with the Westinghouse air brak<', 
provided with the improved type of triple valve. The brake 
blocks act on both sides of all wheels. 

The weight of the carriages complete in running order is 
43 tons 4 cwt. 2 qrs. and 38 tons 4 cwt. i qr., respectively. 



Egyptian State Railways, 1907. 

The Annual Report of the General Manager, Col. G. B. Macauley, 
upon the working of the Egyptian Slate Railways and Telegraphs 
for the year iMt>7 states that :— 

The gross receipts of the railways were, L.E. 3,565,040, and 
the working t'xi>ei«ses were L.E. 1,953.197, and the net receipts 
L.E. 1,611,843, which shows an increase of I^.E. 193,786, com- 
pared with igo6. 

The working expenses were 54.79 per cent, of gross earnings 
(56.47 iKT cent, in 190^), but thij» |)ercentage has only been 
attained by the exiraordinnrily favourable conditions of traffic 
which prevailed, and it will not be po>Nible to continue lo work 
at such a percentage. 

The passentjers carried in 1907 IncreaMil by 3,500,000, or 
15 per cent., but the limit of the capacity of the exi-ting trains has 
been reached and greater increase in coaching kilometrage may 
be expected in the immediate future. The total coaching earnings 
were L.E. 1,718,421— an increase of L.E. 231,490 or 15.6 per cent, 
over 1906. 

The ordinary merchandise carried increased by 194,000 tons, 
and the number of live stock by 86,(X)0. 

Service transports decreased by 200,000 tons. 

The total earnings from goods tralTic amount to L.E. 1.808,834 
— an increase of L.E. 59.603 over 1906. 

Coaching earnings were 48.20, goods, 50,74, and sundry 1.06 
per cent, of total receipts. 

1906 1907 

Earnings per kilom. open L.E. 1,408 L.E. 1.536 

Earnings per train kilom ,, 0.216 ,, 0,228 

Expenses per train kilom ,, 0.122 „ 0.125 

Net earnings per train kilom 0.094 „ 0.103 

The net earnings are still increasing more rapidly than the 
interest on capital expended : — 

Capi;ul value. Net eart.iogs. '^^ on 

Capiul. 

1902 L.E. 20,383,000 L.E. 1,059,000 5.19 

1906 ,, 23,200,000 ,, 1,418,000 6.11 

1907 M 24,359.000 ,, 1,611,843 6.61 

llie capital values are those fixed arbitrarily by Lord Farrer*s 

Commission. 

A sum of L.E. 868,000 was expended on capital works in 1907. 

The price of coal has risen considerably and there are praspect.s 
of a further rise. Experiments will be made to see if ** North 
Country " coal cannot be used satisfactorily instead of Welsh 
coal ; it is considerably cheaper and is largely used elsewhere. 

The Chief .Mechanical Engineer's report shows a decrease of 
22 in the number of engines during 1907, but 40 new engines 
ordered were delivercnl in Jimuary, 1908. The average nge of 
locomotives in 1907 was 12 years, being the same as in 1906. 
The coal consumed by the engines has averaged 11.2 kilogs. 
per kilom.; in 190b the average was 10.4. Trains were heavier. 
During the year 72 new coaching vehicles and 853 new wagons 
were put into service. 

A new erecting shop .'it Boulac was constructed; 112 kilums. 
of new line have been relaid. 167 kiloms. of line have been 
ballasted. The average number of platelayers per kilom. of line 
maintained has been 0.S98. 

The cost of labour on upkeep, inclusive of gangers ond 
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inspectors, has been L.E. 22-660 mills, per kilom. 

The strengthening of the bridge at Benha has been finished. 
The execution of this work under traffic without any mishap 
reflects great credit on the Bridge Department. The bridge 
over the Nile at Zifteh has been finished and the bridge over the 
Nile near the Barrage is well in hand. The new Gabbari Road- 
Bridge has been opened to traffic. The only bridge contract of 
any importance let during the year is that for a bridge over the 
Kocheicha Escape. The price was L.E. 52,348, and the success- 
ful tender was sent in by Baume and Marpent, Belgium, their 
offer being the cheapest. 516 new signal levers were fixed and 
300 brought into use. 73 new tube wells have been sunk, and 
pumps fitted. 

The Principal Medical Officer reports that out of 9,351 can- 
didates examined, 54 per cent, were found fit for service. 

The Indemnity Committee on cases of injury is working well. 
A classification of injuries on duty is required in order to regulate 
the decisions of the various Departmental Committees of Enquiry. 
Out of 200 cases dealt with, only 1 1 have refused to accept the 
Committee's decision. 

The stores of the locomotive and signalling departments have 
now been transferred to the Central Stores Department. 

Permanent Way. -II.* 

Fig« 5 shows the standard roarf-bed for single and 
double lines of the Pennsylvania RR., the upper illustrations 
being for a cutting and the lower for embankments. There 
is a depth of bin. of ballast under the sleeper in the centre 
line for double lines and of 8in. for single lines. The top of 
the Formation has a slope of Jin. per foot from the centre 
line towards the sides, so that the ballast has a depth of 
8in. under the outer side of the sleepers. The ballast is 
levelled with the top of the sleepers at the centre line and 

* No. I. appeared in August, 1908, issue. 



has a batter of i in 2 at the side. On single lines 2,629 
cub-yds. of stone ballast are used per mile, 3,127 cub-yds. on 
double lines and 11,632 cub-yds. on four lines of way. Ashes 
are used on newly-made ground until it is settled. 

Fig. 6 gives the details of the Philadelphia and Reading 
RR. — on an embankment on the straight ; in a cutting on the 
straight ; and in a cutting on a curve with a left-hand radius. 
The top of Formation is level. The ballast is laid to a 
depth of I sin. from the top of the sleeper and yin. or Sin. 
below the bottom of the sleeper. On curves these dimen- 
sions apply to the depth under the sleeper on the low-rail 
side. Ballast is laid to within lin. of the top of the sleeper 
and the ends are curved and extend to 2ft. 6in. beyond the 
outer end of the sleeper. Broken stone or furnace slag is 
generally used, but on newly-made ground cinders until it 
is properly settled. 

Fig. 7 illustrates the road-bed used on the Wabash RR. 
for class A track, i,e. the best. Details are given of double 
and single lines and on an embankment in the upper illus- 
trations and for a cutting in the lower. The top of the 
Formation is level and ballast is laid to a depth of i8in. 
from the top, and i2in. from the bottom of the sleeper. 
The ballast is levelled oft' with the top of the sleeper and the 
end rounded off and extending to 4ft. beyond the outer end 
of the sleeper instead of 2ft. Qin. and 2ft. 6in. as with the 
Penn. and P. and R. just noticed. At the edge of the 
Formation there is a path of sods^I2in. wide. For single 
tracks 0*70 cub-yds. of ballast per Hn. ft. is used and 137 
for double tracks. 
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Fig. 8 illustrates the formation adopted on the Lehigh 
V^alley RR., the upper drawing being for a double line on a 
curve and the lower for a double line on the straight. These 
sections are shown on the extreme left for broken stones or 
good furnace slag; in the centre good clean gravel or good 
cinders and on the extreme right poor gravel or clay. The top 
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of Formation has a slope from the centre line of sin. in i6ft., 
the top of the sleeper being i4in. above the top of Form- 
ation on the centre line and igin. at the edges of the Form- 
ation. The ballast is i6in. deep from the top of the sleeper 
in the centre of the latter and gin. deep from the bottom of 
the sleeper. It is laid within ^in. of the top of the sleeper 
and at the outer end the top of the ballast is level for 6in 
and then tapers down i8^in. in 21 in. The space between 



tings, but 1 8ft. is preferred for the latter, especially in regions 
where the rainfall is heavy. The ballast is i5in. deep from 
the top of the sleeper in the centre and is level with the lop 
of the sleeper. At the ends it is level for bin. and iSin. deep 
and then tapers down to a point 4ft. 2in. from the rail for a 
sleeper 8ft. long and 4ft. 8in. for a 9ft. sleeper. The 
instructions to the permanent-way men 
are that the toe-line is to be marked by 
a line of stones of a size that will pass 
through a ring 2j-in. diameter or larger, 
but where the ballast material does not 
contain a sufficient quantity of stones of 
this size the toe of the ballast must be 
neatly shovel-lined. These instructions 
also say that the rules as to ballasting 
should receive closest attention, as there 
is no one matter that contributes more to 
neatness and economy in maintenance of 
the track, and that, in repairing, great 
care should be exercised to prevent mix- 
ing earth or clay with ballast. In renew- 
ing sleepers the ballast beds must be 
loosened and the sleeper tamped to a 
firm bearing. This must never be at- 
tempted on the old bed, i.e., the Forma- 
tion, as the general surface of the rails 
is thereby raised. 

On the Southern RR. the Formation 

is curved and is 20ft. wide for a single 

line in a cutting and i6ft. wide on an 

On the centre-line the ballast is laid to a 

The ends of the sleeper 



embankment. 

depth of 8in. under the sleeper. 

are not covered but the ballast is tapered off from under 

the rails at an angle of 2 to i. Broken stone, slag or 

clean angular gravel is used. The stone has to pass 

through a 2in. ring and be as uniform as possible. 

Before leaving the question of Formation and Bottom 
Ballast it should be remarked that the foundation for the 
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the tracks is treated differently according to the material 
used. With broken stone or good cinders it is kept practi- 
cally levelled, but is hollowed, as shown, where gravel is 
used. Where clay is employed the ends of the sleepers are 
quite bare. 

The top of the Formation on the Southern Pacific system 
of the Harriman lines is level for the length below the 
sleeper and has a slope of 6 to i thence to the toe of the 
bank or top of the embankment. For single lines the Form- 
ation is i6ft. for embankments and, generally, i6ft. for cut- 



permanent way of British railways is as it has been '*for 
generations,** and whilst rolling-stock has increased in weight 
and trains run at higher speed, no change has been made in 
the sub-structure for the sleepers, chairs and rails. Some 
companies are, at the present moment, turning their atten- 
tion to this question. On one railway the road-bed is being 
altered as shown by fig.9» The cut at the side is being 
carried further inwards and tapered off from a point under 
the rail as shown. Under the Bottom Ballast is also a bed 
of clinkers and the widened ditch will be filled with stones. 
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One benefit of this will be that in clayey districts, such as in 
London, the pounding of a passing train will not cause ihe 
moisture to ooze out as present. 

Material for Top Ballast. 

The best material for top ballast is basalt, close grained 

granite, trap, limestone or blast furnace slag. These do not 

crush under the weight of the train, but, the pieces being 

angular, the edges bite and they support each other as bricks 



opportunely remarked that furnace slag is also not so good 
as it used to be, changes having been made in the manu- 
facture of steel, whereby the waste is now of inferior quality. 
Most of the companies' supplies, however, come from 
blast furnaces, although a little is supplied from quarries 
belonging to railway companies, e.g,^ Goodwick and Tenby 
on the G. Western R. Ballast crushing plants are erected 
at the furnaces and quarries. Some of these plants are the 
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in a wall. Consequently, the sleepers do not rock as a train 
passes. They do not hold water, so that the line is well 
drained, water readily percolating through. If no loam or 
dirt get mixed with the stone ballast when it is being laid on 
the line weeds will not grow, but if they do get in they are 
harder to remove from stone ballast than from gravel. Stone 
is harder to pack and work than gravel, and it gives a tidier 
appearance, and, being practically dustless, it furnishes 
greater comfort to the traveller and inflicts less injury in the 
machinery. The weather has less effect on stone ballast 
than on gravel or clinker ballast, and it is less liable to 
*• heave'* after a frost. Most gravel ballast is of flints 
which fly and the chippings become mud in time and ooze 



Fig. 9. 

out. A large quantity of Thames ballast is used. This 
is round and therefore will not grip as granite does and, 
consequently, a roll is set up to the engine and train when 
passing. .All classes of gravel are dirty too. Clinker 
ballast is, like gravel, easily worked and often cheap. Very 
little cinder (clinker) ballast is now used except where the line 
has continually to be packed owing to colliery settlements, and 
in such places there is no alternative. The objections to 
cinder ballast are the dust that comes from it and, there 
being no interstices for the water to get away, difficult 
drainage. But the principal objection is that, since the intro- 
duction of mechanical stokers, cinder (clinker) ballast is not 
what it was lo or 15 years and more ago. It may here be 



property of the railway companies who either crush the stone 
themselves or hire the plant to private persons who do the 
crushing and supply the stone by contract at a price which 
covers the hire of the machinery. Or the plant belongs to 
contractors. 

The G. Western R. have a crushing plant at Goodwick 
and Fishguard where the smaller stone obtained from the 
excavations for the harbour works there was broken up for 
ballast. It is one of the Allis-Chalmers gyratory machines 
which breaks the rock to a 2in. size, the fin. chippings 
and sand being turned into a concrete mixer. The 2 in. size 
fall into large bins, capable of holding 400 tons and thence 
they are loaded into hopper wagons. The wagons can be 
loaded with 90 tons of ballast in 20 minutes and the plant 
is capable of supplying 1,000 cub-yds. of ballast per week. 

In America, where distances between towns and inhabited 
places generally are, as a rule, very great, it is a frequent 
practice to have stone laid by the side of the track and for a 
portable stone crusher to go over the line. Into this the stone 
is thrown, broken up and placed on the track. In that 
country the size of stone generally used is that which will 
pass through a 2in. ring, but some permanent way men prefer 
a larger size — 2 Jin., 3in. and even sJins. Other like a 
smaller size — ijin., lin. and as small as Jin. 

British companies generally specify that top ballast shall 
be of material that will pass through a ring 2in, diameter. 
The L. and North Western R., as mentioned last month, 
specify that 90 per cent, must pass through a ring ijin. 
diameter inside but not through a ring Jin. internal diameter, 
and that not more than i per cent, must be capable of passing 
through a sieve Jin. mesh. The Great Northern demand i Jin. 
to fin. in size and the Midland not bigger than 2^\v\, and not 
less than fin. 

(7'o he continued.) 
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Combustion Processes in English Locomotive 
Fl re-Boxes.* 

Introduction, — Ever since the signal triumph of Stephen- 
son**s ** Rocket *' at the Rainhill trials in 1829 the exhaust 
steam from the cylinders has been utilised for increasing the 
draught in the fire-box. The employment of the ** steam- 
blast ** for accelerating combustion, so as to render the rapid 
production of steam possible, has been universal so far as 
locomotives are concerned, but in the majority of other boilers 
the steam-blast has been replaced by some form of forced or 
induced draught by means of a fan. The employment of the 
steam-blast on the locomotive where space is limited has the 
great advantage of simplicity, although, on account of its 
intermittent character and its dependence upon speed, etc., 
it leaves much to be desired as a means of supplying air to 
the fire-box. Many investigations of the efficiency of com- 
bustion taking place in stationary, marine, or other boilers, 
under both natural and forced draught, have been made, but 
few, if any, have been made upon the products of combustion 
of locomotives during actual running, although the charge of 
emitting poisonous gases was made against the locomotive 
practically at the time of its first successful introduction. 

The following investigation was undertaken for the pur- 
pose of determining : — 

(i) The efficiency of the combustion of the fuel. 

(2) The loss of carbon due to the production (or loss) of 
carbon-monoxide. 

(3) The variation of the products of combustion due to 
variations in the demands made upon the engine, e.^., weight 
of train drawn, speed, gradient. 

(4) Whether chemical equilibrium conditions correspond- 
ing to the fire-box temperature are ever attained. 

(5) The variation of the products of combustion with the 
depth of fire. 

Theoretical Part. 

The essential parts of a locomotive fire-box consist of a 
copper box, which is water-jacketed above and on both sides 
and closed by iron fire-bars below. The products of combus- 
tion flow from the fire-box through tubes to the smoke-box 
and thence to the chimney. The fire is placed upon fire-bars, 
and the fire-box is filled with fuel nearly to a level with the 
door, the top surface of the fire being, roughly, parallel with 
the brick arch. The air necessary for the combustion is 
admitted from below by means of the dampers, placed in 
front of and behind the ash-pan, and thence through the fire- 
bars (this is called primary air); and then a further quantity 
of air is admitted through the fire-door, which is partially 
opened (secondary air), in order to burn any combustible 
gaseous products, mixing being effected by the gases whirl- 
ing round the edge of the brick arch on the way to the fire- 
tubes, and ultimately to the smoke-box and funnel. The 
draught is caused by the escape of the exhaust steam up the 
funnel, thereby producing a partial vacuum in the smoke-box. 
When coal, containing carbon and hydrogen as combustible 
constituents, and wetted with water, is employed, the re- 
actions taking place in the fire-box are : — 

(i) The drying of the coal and the production of volatile 
distillation products of the coal which are burnt by the supply 
of secondary air, or lost as smoke. 

(2) The combustion of the carbon of the coal by the 
primary air, producing carbon-dioxide and carbon-monoxide; 
the proportion of each present depends upon the temperature, 
upon the quantity of oxygen, and upon the velocity of the 
draught. The carbon-monoxide may be due to a primary 
action of the oxygen on carbon, or to a reaction of carbon- 
dioxide with the strongly-heated carbon, carbon-dioxide being 
the first product. 

(3) When moist air is employed the water vapour present 
is decomposed by the strongly-heated carbon, that is, the 
carbon is burnt by the water vapour, thus — 

c + H.o^co ^m 

CO^HlO^CO^^Hl 

* Abstract of a paper by Dr. F. J. Brislee read before the Institution of 
Mechanical Engineers. 



In order to render the combustion complete, these combus- 
tible products must be burned by the supply of secondary air. 
By luniting the supply of secondary air, and when the fire is 
thick and dense, and consequently the passage of the primary 
air through the fire is slow, the fire-box can act as a gas-pro- 
ducer, the carbon being chiefly burnt to carbon-monoxide. 

Now from the two thermo-chemical equations — 
\C\ + ((9,) -(C(92) + 97,000 €01.(384,896 B.Th.U.) 
KCO)^-{XO^^{CO.^'^tZ,ooo Cal. (269,824 B.Th.U.) 
the heat of the reaction — 

[<^ + lic;j = (C(?) + 29,000 Cal (115.072 B.TKU.) 
is found, and hence i gram-molecule of carbon burning to 
carbon-monoxide yields only 0*29 of the heat evolved when 
completely burned to carbon-dioxide. Investigations of the 
equilibria in a gas-generator have shown that the ratio of 
carbon-monoxide to carbon-dioxide in equilibrium with solid 
carbon is constant for each temperature, and the higher the 
temperature the greater is the amount of carbon-monoxide. 
At a temperature of about 900*^ C. \ifi^^^ F.) the carbon- 
monoxide in equilibrium witli solid carbon has reached a 
maximum. When carbon is burned with a rapid current of 
air, it burns to carbon-dioxide, even at a white heat, while 
the equilibrium composition above 800*^ C. (1,472° F.), and 
below 1,000° C. (1,832° F.), shows that practically only 
carbon-monoxide is present. The products of combustion, 
therefore, depend upon the velocity of the air-supply, and 
this dependence is utilised in certain forms of gas-producers, 
such as the Dellwik-Fleischer, 

One can assume that the first product of the combustion 
of carbon is carbon-monoxide in practically the maximum 
amount possible, corresponding to the equilibrium conditions 
at the particular temperature, and that this carbon-monoxide 
is then burnt to carbon-dioxide by the excess of air admitted, 
or it may be assumed that, as in all autoxidation processes, 
the product of the combustion of a substance is that which 
contains one molecule of oxygen, the primary reaction is the 
formation of carbon-dioxide, and the attainment of equili- 
brium, namely : — ^ 

C\CO "^ 2 CO 

is a secondary reaction. The secondary reaction will or will 
not take place according as the carbon and the carbon-dioxide 
are in contact for a sufficient time for the reaction to be com- 
pleted. The velocity constant is at present unknown, but 
Boudouard* has shown that when air is led over carbon 
heated to 800° C. (1,472° F.) the quantity of carbon-monoxide 
decreases with increasing velocity of the air-current. This 
points to the conclusion that the carbon-dioxide and carbon 
were in contact for an insufficient length of time for the 
secondary reaction, forming carbons-monoxide, to take place. 
In the combustion of coal in the fire-box, the quantity of 
carbon-monoxide and carbon-dioxide in the gaseous products 
of combustion will depend upon (i) the temperature, (2) the 
velocity of the draught, (3) the depth of the fire, (4) the 
pressure. For the sake of simplicity the combustion of coal 
in the locomotive fire-box will be considered as the combus- 
tion of carbon, since upon the introduction of fresh coal into 
the fire there results a coking of the coal, the volatile pro- 
ducts being distilled off and burnt by the supply of secondary 
air or lost as smoke. The coked coal then sinks down in the 
fire-box, forming a thick and fairly dense layer, through 
which the air is drawn by the escape of the exhaust steam up 
the chimney. The equilibrium, which is of great importance 
for consideration at present, is that denoted by the equation, 

C-irCO^ '^2 CO 

The equilibrium 



(0 



CO, 






CO+i O2 



(2) 



need not be considered, as the proportion of carbon-dioxide 

dissociated is small at the temperature of the fire-box. The 

ratio Ccol CcoAJvs> oi great imp ortan ce in the present instance 

•ComptcTRendus, 1966, 130, 132 ; Bull. Soc Chimr,~i899, Sf. 719^ 

iCco denotes percenta|re of CO by volame, and C(»i percentage of CO^ by 

volume in the gaseous products of oorooastlon. 
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as it gives the ratio of the weight of the partially burnt car- 
bon to that completely burnt. The ratio Ceo + CeoijCco is also 
extremely important, as it is a measure of the carbon partially 
burnt compared to the total amount consumea. The ratio 
CeojCc^t can vary between the limits of zero and infinity; 
and the ratio Cc^lCco-^-Ccos between the limits of zero and 
unity. For efficient combustion these two ratios should be 
as small as possible, the maximum of efficient combustion 
being reached when they are both zero. When the combus- 
tion takes place in atmospheric air (21% oxygen and 79% 
nitrogen by volume) the proportion of carbon-monoxide can 
vary between the limits of o and 3471%, while the carbon- 
dioxide can vary between o and 21%. When coal, contain- 
ing carbon and hydrogen as combustible constituents, is 
employed, the percentage of carbon-dioxide is usually between 
9 and 14%. 

Strachet explained the combustion changes in a g^s- 
producer in a manner which can be applied, with a little 
modification, to the locomotive fire-box combustion processes. 
The fire can be considered to be made up of a number of 
parallel layers. Each layer consists of pieces of coal, or coke 
in the lower layers, and between the pieces air spaces which 
vary with the size of the pieces used. With pieces about the 
size of a man*s fist these spaces constitute one-fiftn to one- 
fourth of the total cross section. Each piece of fuel is sur- 
rounded by a layer of air a few millimetres thick in some 
cases and several centimetres thick in others. The amount of 
air drawn through the fine depends upon the size of these 
spaces. At the point of contact between the fuel and air the 
combustion takes place, and here the combustion tempera- 
ture must be reached, which, according to Le Chatelier, is 
about 1,200"* C. (2,192*^ F.) for cold coke, if burnt to carbon- 
monoxide, or 2,040 (3,704" F.) if burnt to carbon-dioxide. 
For previously warmed coke the combustion temperature is 
about 1,700*^ C. (3,092" F.). At the surface of contact 
between the coke and air all the conditions are fulfilled for 
the formation of carbon-dioxide, viz., carbon at a high 
temperature and air at a high velocity. If it is assumed that 
carbon-monoxide is the first product of the combustion of 
carbon with air, then this is burnt by the air in the spaces 
between the fuel, and hence the product of combustion in the 
lowest layer is carbon-dioxide (this has been found to be the 
case in gas-generators). The spaces between the fuel con- 
tain large quantities of air which do not come into contact 
with the surfaces of the fuel, since the velocity of flow of the 
air in these spaces is 4 to 5 times as great as that calculated 
for the whoh* of the fire-box, and there is no time for the air 
to get into contact with the carbon. This air serves to burn 
the next layer of fuel producing carbon-dioxide (again, in the 
case of a gas-generator, the existence of carbon-monoxide 
and dioxide and oxygen together has been proved). As the 
gases make their way through the fire they are mixed 
together by striking against the fuel, so that no carbon- 
monoxide can exist in the presence of free oxygen in the 
gases as they reach the higher layers of the fuel. If the 
temperature of the upper layers is high, then reduction of 
the carbon-dioxide coming up from below takes place. When 
the combustion products reach the top surface of the fuel 
they are met by the supply of secondary air entering ihe 
partially opened fire-door, and complete combustion of the 
gases depends upon (i) the thorough mixing of the gases 
and air, and (2) the velocity with which the gases are swept 
into the fire-tubes and cooled to a temperature at which the 
rate of combustion is slight. Boudouard (loc, cit.) has shown 
that when air is led over carbon heated to 800^ C, (1,472" F.) 
at different velocities, carbon-monoxide and oxygen are found 
existing together in the products of combustion. The follow- 
ing table gives Boudouard's results : — 
Volume per cent. 

Velocities per min. 

Volume in Carbon Carbon Niirogen 

Litres. Cub. ins. dioxide, monoxide. Oxygen, by dfmce. 
o'lo 6'io i8"2 5*2 o'oo 76*6 

t Journal Gasbeleucbt, 1903. 



0-27 16-48 1843 38 047 7730 

i'3o 79*33 1892 1-88 097 7823 

1-465 8940 199 1-83 — 78-27 

3 2 I95'28 19-4 0-93 0-93 78-74 

The equilibrium mixture corresponding to this tempera- 
ture, 800" C. (1,472" F.) is :— 

Carbon-dioxide ... ... 092 % 

Carbon-monoxide ... ... ... 3432 % 

Nifogen 6476% 

from these results it is evident that when the velocity of the 
air is high, equilibrium is not attained, and the quantity of 
carbon-dioxide and carbon-monoxide in the products of com- 
bustion depends upon the velocity of the air. In the loco- 
motive fire-box it is extremely improbable that equilibrium 
corresponding to the temperature, which is estimated at 
1,000" C. (1,832" F.) to 1,200" C. (2,192" F.), is ever 
attained, since the products of combustion and the carbon 
are in contact too short a time for equilibrium to be reached, 
but owing to the intermittent character of the steam-blast 
which causes the flow of the air to the fire, some reduction of 
the carbon-dioxide to carbon-monoxide will take place. A 
large number of samples of the products of combustion, 
taken from the smoke-box, have been analysed. The samples 
were taken under different conditions, e.g.^ weight of train, 
speed and gradient. The method of sampling the gaseous 
products of combustion will now be described. 
Experimental Part. 
The products of combustion of the fuel in the locomotive 




fire-box were collected in the following way 
N.W.R. locomotives were employed. 

The first experiments were made upon a locomotive of 
the *' Precursor " class, first introduced in 1904, and the 
second series upon one of the ** Experiment" class, which 
came out in 1905. Figs, i and 2 show sections of the fire- 
boxes of these two classes of locomotives, of which the lead- 
ing particulars are : — 

Pri cursor class. 

Adjutant," No. 675 " City of Lichfield," No. 165 

19 by 26 

1848-4 sq. ft. 

161-3 sq. ft. 

20097 sq. ft. 

301 



Engine 

Cylinders 

Heatings, surface tubes . 

„ ,, firebox 

„ „ total... 

Tubes I in. diam. inside . 

„ length between 

plates 

Grate area 

Boiler pre^sure 

Wheels, radius truck ... 

,, coupled 
Total weight, full 



Experiment class. 

" City of Lichfield," No. 

19 by 26 

1908 sq. ft. 

133 sq. ft. 

2041 sq. ft. 

291 



12 ft. 2\ in. 13 ft. 6 in. 

22-4 sq. ft. 25 sq. ft. 

75 lbs. per sq. in. 185 lbs. per sq. in. 

3 ft 9in. 3 ft. 9in. 

6 fi. 9 in. 6 ft. 3 in. 

96tonsi5cwt. 102 tons 15 cwt. 

The gases were drawn out of the smoke-box on the right- 
hand side by means of a wrought-iron pipe i in. diam., which 
reached to about the centre of the smoke-box. The position 
of this pipe is shown in fig. 3. 

The tube was well clear of the exhaust steam and the 
steam-blower. The inside end of the tube was closed, and a 
saw-cut Jin. wide was made in the iron tube on the side 
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facing the fire-tubes. Outside the smoke-box the lin. pipe 
was connected with a Jin. wrought-iron pipe, which was 
carried along the handrail on the right-hand side of the 
engine to the cab, where it terminated in a well-fitting tap, 
which served to close the tube when not in use. All joints 
were made air-tight by means of red lead. The gases were 
collected in glass tubes, having a capacity of about 100 cm.' 
(6*1025 cubic inches), and fitted at each end with a well- 
ground glass tap. At first it was attempted to use a mercury 
aspirator to draw the gases from the smoke-box to the sample 
tubes, the aspirator being fitted with a wooden case attached 
to the side of the cab; but although it served to aspirate the 
gases, the drawbacks of a mercury aspirator became only 
too apparent for satisfactory working, especially when the 
engine was travelling at high speeds. After a single run it 
was replaced by one of Fletcher's collapsible bellows 
aspirators, by means of which large quantities of the pro- 
ducts of combustion could be drawn from the smoke-box and 
collected in a very short time. This form of aspirator was 
found to be efficient and satisfactory in every way. 

The samples of the products of combustion were obtained 
thus : the end of the tap on the cab was fitted with a ** dust 
filter,** consisting of a glass tube containing a plug of fine 
asbestos fibre between two plugs of glass wool. This served 
to remove the dust from the gases drawn out of the smoke- 
box. The dust filter was then connected with the sample 
tube and the sample tube to the aspirator by means of stout 
rubber tubing. Ten strokes of the aspirator bellows sufficed 
to draw about i cubic foot of the products of combustion from 
the smoke-box and through the collecting tube, and since the 
capacity of the apparatus between the smoke-box and cab 




-^ I -./^ 



\ ^^--^MJi 



Fig. 2. 



Fig. 3. 



was only about 003 cubic foot, this was more than sufficient 
to remove all the gases from the dead space between smoke- 
box and cab, and so to ensure that the sample taken was 
a representative one of the products of combustion at the 
time of sampling. The speed and gradient were noted, and 
in the later work the partial vacuum in the smoke-box was 
measured. All the samples (with one or two exceptions) were 
taken with the fire-door partially closed so as to regulate the 
supply of secondary air. When the fire-door is open most of 
the air enters through it since the least resistance is offered 
to its passage in this direction, and comparatively little air 
passes through the fire. In no case was the ordinary work- 
ing of the engine departed from, the stoking being left 
entirely to the fireman. The samples were taken during the 
intervals of firing, a minute or two being allowed after firing 
for the fire to clear. Each sample is therefore representative 
of the conditions prevailing in the fire-box during that parti- 
cular period of working. The samples were analysed by 
pumping the gases out of the sample tubes with a Topler 
pump, and analysing them in a gas burette, using mercury 



as the containing liquid and a modified form of '" Huntley's** 
pipette for the reagents. The chief constituents of the pro- 
ducts of combustion w^re carbon-dioxide, oxygen, carbon- 
monoxide, and nitrogen, only the merest traces of hydrogen 
and hydro-carbons being found in the gases. The samples 
represent the mean composition of the products of combus- 
tion at the time of sampling. 

(To be continued,) 



Natal Qovernment Railways, 1907. 

The Annual Report of the general manager, Mr. Edward R. 
Ross, upon the working of the Natal Government Railways 
during the year 1907, states that :— 

The capital expenditure amounted to ^{^302,760, which, added 
to that of previous years amounting to ;£J 13,692,969, made a 
grand total of ;Ci3i99S»729. The open mileage was Increased by 
41 i miles. 

The total revenue amounted to ^£'1,843,148, an increase of 
;{J6,232, or '34 per cent. The working expenditure amounted to 
;^i, 273,587, an mcrease of ;£^36,976, or 299 per cent. This ex- 
penditure includes ^{^151644 upon additions and improvements to 
buildings, ways and works. 

The working expenditure was 69*09 per cent, of the gross 
revenue, or an increase of 1*77 per cent. 

The annual revenue durir^ the last four years was : 





418,263 


■r 

424.705 


1905. 

£ 

457. «79 
42.588 


r 

453.875 


Passengers 


Parcels 


4«.325 


4».487 


41.354 


Mails 


n»763 


10.799 


7.850 


5.^4 


Rents and Miscellaneous 


51.884 


59.844 


67.954 


53.544 


Goods, Minerals, and 










Live Stock 1 


.3«9.9i3 


1,300,081 


".459.366 


«.379.5t7 


Total 1 


,843,148 


1*836,9 16 


2,034.937 


«. 933.934 


The expenditure was : 


— 








Maintenance of Ways 










and Works 


211.523 


164,176 
468,586 


162,129 


58si2i2 


Locomotive Power 


47«.952 


497,906 


Repairs and Renewals 










of Carriages and 










Wagons 


162,809 


151,228 


,« 


185.768 


Traffic Expenses 


341.857 


359.652 


384.658 


General Charges 


69,802 


75.902 


66.809 


68,169 


Works Renewals and 










Improvements 


15.644 


17.067 


42.007 


129,702 



Total 1.273.587 1,236,611 1.289,459 1.531,210 

The increase in the expenditure by ^(^36,976 in comparison with 
the previous year is accounted for under Maintenance, Loco^ 
motive, and Carriage and Wagon Departments. The open mile* 
age maintained showed an increase of 81 miles. In the mainten- 
ance of Ways and Works, extensive renewals In the permanent 
way were called for, representing on the main line a sum of not 
less than ;^44.545. An increased expenditure of jC^tZ^^ was in* 
curred under locomotive power, but the year witnessed an in* 
creased train mileage of 226,811 miles and the movement of 
194,727 additional tons of low grade traffic. As the high tractive 
engines were worked at great pressure during the latter half of 
the year, considerable expenditure on account of renewals will fall 
into the next year's account. The upkeep of wagon stock in- 
volved an increased expense of j{^i 2,241, attributable to the 
greater work done. 

The original stock of steel wagons now requires heavy repairs, 
and for some years to come the department will be faced with a 
considerable expenditure, which, like the permanent way, would, 
under a joint stock company, have been provided for out of the 
surplus revenues of former years, as has m the past been unsuc- 
cessfully advocated by the management. 

The main features in the working of the year were. — (a) the 
continued heavy loss in seaborne Overberg traffic, both in ton- 
nage and revenue, amounting in the latter case to as much as 
;£^i39.3O0 as compared with 1906. and ^^299,384 as compared with 
1905 ; (b) the increased coal traffic which sprung up towards the 
middle of the year, and (c) the commencement of a large export 
traffic in maize. 

The continued heavy loss in Overberg trade, uncompensated 
as it was by any favourable development elsewhere, caused the 
management much anxiety during the earlier months of the 
year, during which the administration was actually woridng at a 
loss. Towards the end of the year a very satismctory develop^ 
ment in the coal traffic enabled leeway to be made up, with the 
result that the Department, for the year under review, was just 
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able to meet all working expenses, interest and sinking fund with 
a small surplus of /,*8,974. 

Although, from a railway point of view, the rates charged on 
the maize traffic are so low as to be unremunerative, the depar- 
ture marks a new era in the development of the colony which will 
undoubtedly, as time goes on, prove of the utmost value, both 
to the railway and to the country as a whole. 

While a certain percentage of the Overberg trade to the Rand 
will no doubt always be retained, it is at present a diminishing 
factor, and it should be recognised that, at any rate for the next 
few years, the main traffic on the line will probably consist chiefly 
of coal, maize, wattle, and other agricultural products for export, 
which, from their very nature, cannot stand a high rate of 
carriage. The expense of working such traffic on a line such, 
with its severe gradients and curves, and with the high wage 
rate prevalent in the Colonv, is necessarily great, while the re- 
ceipts are small. It would, therefore, not be wise to anticipate 
that the railways will be able to do more than cover the cost of 
working and interest on capital expenditure for some time to 
come. 

In dealing with the heavy coal traffic that may reasonably be 
anticipated will continue to develop, a clear line of iK)licy is 
recommended as follows :— (a) the steady improvement of adverse 
gradients and curves ; {b) the maintenance of the permanent way 
at its highest standard ; (c) the improvement of the engine power 
by the regular annual augmentation of the existing engine stock 
with up-to-date and heavy locomotives; and (d) the improvement 
of the rolling slock by a steady further supply of high capacity 
wagons. 

True economy lies in the maintenance of the highest standards 
in every section, and although doing this will involve heavy and 
continuous outlay, it is only by this means that the utmost effi- 
ciency can be secured and working costs reduced to the lowest 
possible figure. 

The following figures show the extent to which the Coal 
Traffic has increased : — 

1907. 1906. 1905. 

Tons of 2,000 lbs. 
F'or Bunker and Export Oversea 1,168,532 846,517 716,809 
To .Stations in Natal and other 

Colonies 248,220 257,442 279,508 

For Railway and Harbour Depart- 
ments ' 268,408 279,478 265,876 

Total 1,685,160 1,383,437 1,262,193 

The average daily tonnage loaded at the mines during the last 
half of the year amounted to 6,122 tons, while the maximum 
reached 7,754. and has been worked down to the port, on the 
average, within three days. 

The total mileage operated by the Natal Government railways 
at the end of the year was 1,064} miles, of which 88| were worked 
on behalf of Ihe Central South African Railway Administration 
under agreement. 

Hollow Reinforced Concrete Poles and Pipes. 

Is our last issue we referred briefly to the new process of 
manufacturing hollow poles and pipes of reinforced concrete 
just been introduced into this country by Messrs. Siegwart, 
Ltd., of I, Great Chapel Street, Westminster. It is the 
invention of Mr. Hans Siegwart, of Lucerne, Switzerland, 
who is well known as the inventor of a system of reinforced 
concrete fire-resisting floor construction made up of hollow 
tubular beams laid side by side. Mr. Siegwart is noted 
for his originality of outlook in dealing with concrete, for 
in making his beams he builds them in slab form and cuts 
them up into separate beams by means of a saw while the 
concrete is still soft, i.e., just as it has begun to set. In 
his latest invention he has treated the material in a strikingly 
original manner. The principle that he has worked upon 
is entirely different to the customary method of manufac- 
turing concrete, namely, by casting it in a mould and allow- 
ing it to harden therein. Mr. Siegwart uses the material 
in a plastic way very much like clay, for by his process 
of wrapping the concrete round a core no moulds are 
required to give it shape and form. 

Poles and pipes are made by a machine which has been 
installed at Messrs. W. Cubitt and Co.'s works, Gray's 
Inn Road, London, VV.C. 

With regard to reinforced concrete poles (which show 
^he capabilities of the Siegwart machine to the best advan- 



tage, though perhaps the manufacture of pipes is of greater 
importance), their construction has been attempted for some 
years. Electricity is used for so many and such multifarious 
purposes at present, and its use has been extending so 
rapidly of recent years, that means of conveying electricity 
from point to point have obtained great importance. Over- 
head transmission lines, both for power purposes and for 
telegraphs, and the running of tramways, is the favourite 
method. The supports for these overhead lines are costly, 
and also must provide every security. At first timber poles 
were adopted, and they are extensively used to-day, their 
first cost being much less than iron poles, though their life 
is comparatively short. By various means, such as creo- 
soting, a life of about six years is increased to about ten 
years. A steel or iron pole, though expensive in first cost, 
proves economical, but it must be periodically painted, and 
the cost of upkeep is considerable. 

There is no particular difficulty in casting a solid rein- 
forced concrete pole, but when the endeavour is made to 
manufacture a hollow pole, difficulties immediately stand 
in the way. Ilie Siegwart process, however, enables hollow 
reinforced concrete poles to be constructed at a price which 
is very much less than the first cost of iron poles. 

Where poles arc required for long-distance transmission, 
the importance of adequate security is very great, for the 
execution of repairs and painting over a wide area is trouble- 
some and costly. For such purposes the reinforced con- 
crete pole offers advantages which place it far ahead of 
any other. The Siegwart poles have been constructed on 
a proper theoretical basis of calculation with any desired 
factor of safety, and tests have been conducted upon poles 
of standard construction which have established a safety 
factor of 5.5. Furthermore, large contracts have, we under- 
stand, been placed abroad by municipalities with the 
licensees for the Siegwart patent for large numbers of 
Siegwart poles, which, naturally, has put them to the 
severest test of actual practice, and has proved the efficiency 
and economy of these poles. 

The following comparative estimates of the cost of 
Siegwart poles, compared with other poles over a period 
of 50 years, are interesting, and should arrest the immediate 
attention of engineers : — 

Tramway Poles, 29ft. high. 

Siegwart. Iron. Wood. 

£ s. d. ;^ s. d. £ s. d. 

Price of Pole 300 6 10 o 14 5 

Erection i o o i o o 9 7 

Painting or Renewal 2 11 o 984 

Total cost in 50 years 400 10 i o 10 12 4 

Power Distribution Poles, 

36ft. 6in. high. 

Price of Pole 4 o o 9 o o 19 3 

Erection i 4 o 2 o o 9 7 

Painting or Renewal 2 11 6 12 5 o 

Total cost in 50 years 540 13 11 6 13 13 10 

The Siegwart process of manufacture has given addi- 
tional arguments in favour of reinforced /concrete pipes, 
apart from the economy which is claimed to be effected 
over the other methods of manufacture. There is, for 
instance, a saving in the cost of joining by reason of the 
greater length of the pipes, these being as long as 20ft., 
or twice the length of iron pipes, and four times the length 
of plain concrete or earthenware pipes. 

These pipes can be constructed to withstand very great 
pressures. In the case of the larger pipes, which are made 
up to 2ft. in diameter, the strength is, if necessary, as 
much as six atmospheres, while the smaller pipes are made 
to withstand an interior pressure of 12 atmospheres. A 
reinforced concrete pipe is naturally strong against external 

Digitized by ViiOOQLC 



298 



The Railway Engineer. 



September, 1908. 



pressure, and, if necessary, they can be specially reinforced 
for this purpose. It has considerable resistance against 
fracture during transport or by shocks caused by street 
traffic, being of small weight owing to the thinness of the 
walls, which varies from Jin. to 2in. A Siegwart pipe is, 
we are informed, only about half the weight of an iron pipe 
of equal strength. The cost of transport is low; and, 
furthermore, Sieg^^'art pipes can be manufactured at the 
place where required for use, so that the cost of transport, 
such as would be entailed in bringing either earthenware 
or iron pipes from a distance, is completely eliminated. A 
total length of 22 miles has been laid in Roumania in sub- 
stitution of cast iron pipes for water works. 

The Siegwart process can also be applied to the con- 
struction of hollow reinforced concrete piles, for which there 
is considerable demand. The pile may be filled with sand 
before driving. 



less according to the thickness of the layer of concrete which 
is to be applied to the core. 

The core of sheet iron is removed after the concrete has 
been applied to it by an arrangement whereby its diameter 
and circumference are reduced by an internal mechanism. 
Gauge rings are arranged on the core at suitable distances 
from each other, and steel rods or wires of small section 
are passed through holes in these gauge rings, and arranged 
to lie longitudinally upon it. In the pipes these wires or 
rods are not stretched, for the operation of applying the 
concrete thereto draws them taut, but in the poles the wires 
are stretched tightly by means of hooks that are screwed 
up at the ends of the core. Upon the track two trestles 
are placed, as shorwn in ^g, 1, and the core is mounted 
between them so as to be capable of rotation therein. The 
trestles have toothed pinion wheels, which engage with a 
rack on the track, and are drawn gradually along in the 
direction of the machine by means of a wire rope at the 
desired rate. 

The concrete from the drum falls down the shoot above 
referred to, upon a conveyer band or belt made of strong 
steel wire tightly plaited that takes one wrap round the 
core, and is given its motion by passing over two wheels. 
One of these wheels (that at the front of the machine) is 
mounted in a sliding carriage that receives preliminary ad- 
justment by means of a long screw turned by a spoked 
hand-wheel at the back of the machine. By means of the 
two heavily weighted levers, the sliding carriage applies a 
pressure of about 5,ooolbs. to the conveyer-belt, so that 
the concrete is wrapped upon the core under this pressure. 
ITpon the conveyer band is a band of strong webbing about 
^ins. in width. The concrete falls upon this webbing, and 
the webbing and the concrete are wrapped round the core 



Fig. I. 

Fig. I shows the general arrangement of the machine 
for manufacturing Siegwart poles and pipes, as it has been 
erected at the works of Messrs. W. Cubitt and Co. The 
machine is in an open concrete pit, with a track on either 
side, upon which trestles can be run, and a stage over the 
machine carrying a concrete mixer which has paddle wheels 
which rotate in an open box that can be tipped over to 
discharge its contents into the hopper below over the 
machine; these paddles thoroughly churn up the ingredients. 

The concrete used in the manufacture of poles and pipes 
is made of clean screened (Jin. mesh) Thames grit, pro- 
portioned 3 to I of Portland cement, the brand favoured 
being ** Ferrocrete,*' which is a cement made by the rotary 
process by the Associated Portland Cement Manufacturers, 
Ltd. The concrete is mixed very dry, so that it only feels 
moist to the hand, and does not even stick together when 
pressed in the hand. It coheres in the manufacture by 
reason of the great pressure which is applied to it. 

The concrete, discharged from the mixer into the hopper, 
falls from the latter into a sheet metal drum, seen in Fig. 2. 
This drum holds about 8 cub. ft., which is sufficient as a 
rule to make one pole or pipe. It is important in the 
manufacture that the concrete should be fed regularly and 
continuously, and this drum is arranged to do this; it slides 
up and down a sort of oblong box or shoot, which is so 
arranged that the surface of the concrete within the drum 
is always level with the top of this shoot. A paddle wheel 
with four arms rotates within the drum and scrapes the 
surface of the concrete into this shoot, and the drum is 
geared so as to rise gradually as the concrete 
is used up, thus always keeping the concrete level with 
the top of the shoot and enabling the paddle wheel to 
scrape the concrete regularly and continuously down the 
shoot. The rate at which this drum rises can be regulated 
so that the quantity of concrete discharged is greater or 



Fig. 2. 

in a continuous spiral, so that the pipe or pole issues with 
a bandage round it, as shown in figs. 2 and 3. The edges 
of the webbing just overlap so that the concrete layer there- 
under and the webbing are continuous, the latter so prevent- 
ing the concrete dropping from the core. The pressure on 
the convever belt draws the longitudinal wire or rod rein- 
forcements closed together. The guide rings holding the 
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longitudinals in position are engaged by a wheel attachment, 
so that they slide along the rods as the core gradually 
passes toward and through the machine. 

Immediately the webbing and concrete issues beyond the 
conveyer belt, wire or wires, as close together as may be 
desired, arc fed by a spool on the attachment somewhat 
resembling an elevator, to be seen in fig. 3. The webbing 
is drawn up over a bar above this spool of wire, so that 
the wires for the spiral binding may be fed upon and into 



Fig 3. 

the concrete. A rod fastened to this elevator attachment 
keeps it rigid, and the rotation of the core draws the wire 
or wires from the spool so hard against the layer of concrete 
that they penetrate into it for some distance. If these spiral 
wires are of large section, there is insufficient power deve- 
loped to draw them into the layer of compressed concrete, 
therefore another device is brought into action, consisting 
of a wheel with spikes thereon that cut grooves in the con- 
crete as the core rotates, into which the wires may penetrate 
so as to become embedded in the concrete. The rotating 
core draws the band of webbing upon the surface of the 
concrete again, and a pressure roller on the end of a long 
spindle, which is screwed forward by hand, works on a 
sheet iron ring, as shown in fig. 3, and presses this webbing 
and the concrete hard against the core, in order to give it 
a final finish and maximum hardness. The thickness of 
the layer is, by the great pressure given by this roller, 
slightly reduced, and the reduction in diameter and circum- 
ference thereby means that the quantity of webbing that 
was originally fed into the machine is now too long, but 
the slack is taken up by the elevator attachment above re- 
ferred to, which is suspended by means of a wire rope run- 
ning over a pulley on the platform above having a weight 
hung from the end thereof, this arrangement enabling the 
elevator to gradually rise as the amount of slack in the 
webbing increases. 

As soon as the core has been drawn through the machine 
completely wrapped with the spiral binding, it is picked up 
by a travelling crane overhead and slung on one side to 
enable the concrete to harden and mature. To ensure it 
gaining maximum hardness it is constantly wetted. 

The interior sheet metal core can be removed by being 
reduced in diameter by the screw attachment within after 



about 12 hours, and the bandage of webbing may be removed 
after six days* hardening. This webbing leaves a few small 
markings on the pole which are no detriment to a pipe or 
pile, nor for a pole erected in a place where appearances 
are not of great importance, such as in the country. To 
complete a pole, all that requires to be done after it comes 
from the machine is mendy to fix a stopper in the top and 
make a square necking or blocking for fixing the cross-arms 
that carry the insulators and the electric wires. The former 
is cast in a mould and dropped into the top of the post; 
the latter is moulded by hand. Where a more finished 
appearance is destined, the poles are given a wash of cement 
grout or rendering of cement and sand, the latter giving a 
stonolike appearance, and, if desired, neckings or mould- 
ings may be run round the pole and any other ornamentation 
done by hand; indeed, the Siegwart pole can be made very 
decorative, and although it is a little greater in diameter 
than an iron pole, this really gives it a better appearance, 
as the proportion is better. The pipes, as mentioned, require 
no external finish, but a cement grout wash may be given 
the interior if desired, which sometimes also receives a coat 
of Dr. Angus Smith's solution, or a special cement glaze. 
The concrete for pipes, too, can be made impermeable by 
the addition of a special waterproofing material. Messrs. 
Siegwart, Ltd., advocate the ** Medusa " waterproofing 
material for this purpose. 
Fig. 4 is a diagram of 
the arrangement of the 
reinforcement and details 
of the construction of a 
typical Siegwart pole. 
It will be seen that the 
reinforcing skeleton con- 
sists of longitudinal rods j 
tied together by a wire^ 
or wires wound spirally 
thereon. It is important in such tubular construction to 
have the reinforcements correctly disposed, and the Sieg- 
wart process ensures every control over their position and 
accurate placing, whereas in the ordinary process of mould- 
ing concrete in tubular form, grave defects in this respect 
are of common occurrence, it being extremely difficult to 
ensure regularity in the disposition of the reinforcements. 
The process has the ordinary advantages attached to it of 
additional reliability given by factory labour, specialisation, 
and organisation. 




Fig. 5. 

The thickness of the concrete varies from i to 2in. for 
poles, but the pipes vary from Jin. to 2in. in thickness. A 
Siegwart pipe that has Ijeen tested, successfully resisted an 
internal hydraulic pressure of 285lbs. per sq. in. The 
pipes have a special shaped joint for resisting pressure. 
Bitumen is filled in in the hollow spaces of the joint, and 
a short piece of pipe is passed over the joint and con- 
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nected to the pipe with bitumen. It was such a joint 
that withstood the pressure of 285lbs. per sq. in. For 
ordinary pipes not called Upon to sustain pressure the 
jointing is by means of collars of reinforced concrete or 
sockets on the pipes. 

As regards the calculations for the size of reinforcements, 
thickness of shell and general proportions of the poles, the 
theory which is adopted is similar to that employed for the 
strength of chimneys, and the stresses that have to be 
sustained are tension on the one side and compression on the 
other. In chimney designing, however, it is customary to 
ignore the compressive resistance afforded by the reinforce- 
ment, but with a thin shell, such as is possessed by the Sieg- 
wart pole, this has to be taken into account. The problem 
may also be treated from the point of view of a hollow 
tubular beam, or rather a cantilever. The stresses that 
come upon the pole are not only the tension of the electric 
wires, but the wind pressure also. The longitudinal re- 
inforcements in the Siegwart pole are made each in one 
length continuous from top to bottom as there is tension 
induced in them, but in the pipe construction referred to 
below, several rods, shorter than the total length of pipe, 
are often used. 



Fig. 6. 

Fig. 5 shows the manner of conducting a test upon a 
Siegwart pole. The end of the pole was fixed rigidly 
between two blocks of concrete, and the top pulled on one 
side by means of a chain and pulley block, the tension 
being read upon a gauge, clearly shown in the view. The 
deflection of the head of the pole was read on a scale placed 
upon the trestle stationed in front, also shown in the view. 
This particular pole, which was 31ft. 2in. long, with a 
tensile strength of 15,400 lbs., gave a deflection of only 
2*756 in. When the load was relieved the top end of the 
pole returned to its initial position, no permaneiit deflection 
being noticeable. 

The size and disposition of the reinforcements in pipes 
is determined by a theory of calculations that has been 
thoroughly Avorked out. The bursting pressure from the 
inside is required to be resisted solely by the hoop tension 
of the spiral reinforcements, while the longitudinal wires 
resist the bending moment induced in the concrete shell 
between each spiral, while at the same time serving to 



strengthen the pipe as a beam to resist the forces to which 
it is subjected in transport and lifting and placing in the 
trenches and in lying on an irregular bed. If the pipes have 
to withstand pressure from without, the calculations arc 
based on the assumption that each section of a pipe is an 
eccentrically loaded pillar or post, llie thickness of the 
concrete bears a direct relation to the pressure in this latter 
case, but with pipes to withstand internal pressure the 
thickness of the shell is determined not so much by its 
strength as by its permeabilitiy. The thickness therefore 
of the concrete layer 
is standardised for 
various sizes of 
pipes and pressures 
solely from practical 
consideration as re- 
gards the imperme- 
ability of the con- 
crete, shocks in 
transport, putting in 
place, etc. The pre- 
determined thick- 
ness of the concrete 
shell enters into the 
calculation for the 
sizes of the longitu- 
d i n a 1 rcinforce- 
nients, though it 
does not aff^ect the 
determination of the 
size and disposition 
of the spiral rein- 
forcements. 

Hollow piles con- 
structed by a similar 
process can be made 
up to the standard 
length of 39ft., 
which is adopted for 
the longest poles, 
though a greater 
length could be 
made if desired. 
The piles usually 
have their sides par- 
allel. I.e., they are 
of the same diame- 
ter throughout, but 
sometimes they are 
tapered. The sys- 
tem of reinforcing 
a pile with spiral 
wires is now gener- 
ally looked upon as 
the most efficient 
form of reinforce- 
ment. 

Columns for or- 
dinary building Fig. 7. 
work can be made 
advantageously by the Siegwart process. 

Fig. 6 shows a line of Siegwart poles that has been 
erected in the country where no special finish is required. 
This view, therefore, shows the poles just as they come from 
the machine with the markings upon them left by the 
webbing. 

Fig. 7 shows a more decorative pole which has been 
finished with a smooth surface. This is erected at Miggern, 
Switzerland, and has a total height of 54ft. above the 
ground. As this height is greater than the standard length 
of poles manufactured it has been obtained by fixing an 
ordinary pole in a base which stands i6ft. sins, above thft 
ground, and embedded 6ft. Oins. in the ground, resting 
upon a foundation of rough stones and filled with stones to 
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form a bearing: for the pole proper. The pole in this case 
is quite plain. 

Fig. 8 shows the manner in which this pole was erected. 
This shows how it was simply slung from the middle. It is 
interestinjj; to note that a pole, having hardened only for 
four days after manufacture, was lifted and put into a 
vertical position at the works in Gray's Inn Road, and 
withstood this severe test without showing any ill-effects. 

Eight men have been employed to work the machine in 
the experimental stages, but eventually only 7 men will be 



weight R, the latter serving to retain the apparatus in the dis- 
engaged position. Arms S S are pivoted at Y and connected with 
the tee-pieces L by links U. Arms T T, which serve as balance 
weights and which join into the arms S at the point / are 
provided, and stops beneath the arms T T limit their downward 
movement. Rollers V V are fitted on the carrier G and a swell 
W is formed on the curved arms FF. To couple two vehicles 
together, the handle E is sharply jerked upwards, partially rotating 
the rod I), which serves to bring, by means of the various con- 
necting parts, the tee-pieces L L, into the position shown in Fi^r. 
I, that is to say into such a position that the rollers X X can pass 
beneath the tee-pieces. Upon then pressing down the crank 
handle E while the tee-pieces are still in the position shown by 
Fig. I, the curved arms F F are hinged away from the end of the 
vehicle, lifting up with them the carrier G, due to the arrange- 
ment of the rollers 11 H on the arms F F with the parts J J of 
the carrier. The rollers V V and H H might, of course, be 
replaced by pins or the like. The carrier is thus elevated, carry- 
ing with it the end link B, which is housed in the carrier. As 
the handle E is further depressed the ends of arms F, and finally 
the swells W W on the arms F F, engage with the rollers V V 
on the carrier, as shown in Fi^. 2, and the rollers X X carrying 
the links N N on the bars M Nl are drawn lengthways along these 
bars beneath the raised ends of the tee-pieces till they are 
arrested by the upturned portions at the ends of the bars M M, 
and as the carrier is connected to the rollers X X bv means of 



Fig. 8. 

required. One labourer is engaged feeding the mixer for 
the concrete; two labourers and a foreman are engaged 
working the machine; two lads are engaged in placing the 
reinforcements on the core, and one man is required to 
remove the poles. Only one skilled man is thus required. 
The capacity of the machine is, roughly, about one pole an 
hour, though with smaller poles and pipes the time required 
is slightly less. The concrete, of course, is not a big item, 
and the metal is also of small amount, and costs very little. 
It will be seen, therefore, that the cost of constructing a 
Siegwart pole or pipe is small, and the prices at which they 
can be produced arc very low. The market for poles, pipes 
and piles is an extensive one, and there should be a great 
future for the invention in this country. These poles appear 
to be particularly suited for carrying signals of all kinds, 
as all maintenance charges would be saved. 



Recent Patents Relating to Railways. 

These abridgments of recently published specifications are 
specially compiled for this review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
VV.C, from whom copies of specifications can be obtained 
at an uniform price of 8d, each. 

Couplings. 2S>5g6, jgih November, igoy, A. Wren 
Ferndale, Chandlers Ford, Easileigh, Southampton, 
A carrier G arranged to engage the end link of the usual coupling 
chain is suspended by arms F from a cross-shaft D, provided with 
operating handles E. Behind the coupling, pivoted tee-pieces L 
and bars M are arranged on opposite sides of a bearer K, also 
rollers XX, which roll on the bars M, and are mounttnl in links 
N connected with the carrier G at Z by a link O. The links N 
each carry two balance weights V O, and the carrier G a balance 







the link O and links N N, further sharp downward movement of 
the handle E results in the elevation and tipping forward of the 
carrier G into position with the end link B, over the drawhook, 
when, upon suddenly releasing the handle E, the end link B, 
continuing its forward movement by its momentum and being no 
longer supported by the arms, falls forwards and downwards and 
is deposited on the drawhook C of the opposite vehicle. The 
carrier G with its attached gear then returns into the position 
shown in Fig. i, being assisted by the action of the balance 
weights P, (J, and R. In coupling the vehicles the rollers X X 
strike against the left hand top arm of the tee-pieces and tend to 
return them to the position shown by Fig. 2, assisted by the 
balance arms T. As the carrier falls back after coupling, the 
rollers X X pass back along the bars M and beneath the tails of 
the tee-pieces. To uncouple the vehicles the curved arms F F are 
hinged upwards by depressing the handle or handles E, and as the 
tee-pieces L L have moved into the position shown in Fig. 2, that 
is to say with their tail pieces in the path of the rollers X X, the 
latter are arrested by the tails of the tee-pieces. The arms F then 
lift the carrier which engages with the end link B and lifts same 
off the drawhooks C of the opposite vehicle. (Accepted gth 
Aprilf 1908. 

Gas Lighting Apparatus for Trains. ^,779. 19th 
February y jgoS, A, Spencer ^ "j'j^ Cannon Street y London. 
The passage of gas to each burner or j]^roup of burners is con- 
trolled by a slide ^ that is maintained on its seat by the 
pressure of the gas m the gas supply main, so that the use of 
packing is avoided. Gas from a main supply pipe is led to the 
valve chest a through an elbow branch c that passes through the 
back of the box b and from the valve chest such gas is led to the 
pipe that feeds the gas burners through a port d in the valve chest 
cover and an elbow branch e that passes through the front of lid / of 
the box. In some cases each valve g is directly connected to the 



Digitized by 



Google 



302 



The Railway Engineer. 



September, 1908. 



armature k of an electromagnet w, which is arranpfed 
to move in the path of a catch n that is controlled by a 
second electro-maj^net o, the arrangement being such that, when 
the first electro-magnet is energised to move the valve in one 
direction it is retained by the catch in that position until the 
second electro-magnet is energised, when the catch will be moved 
to release the vrilve and allow it to close, it may be under the 
influence of gravity or a spring or both. In other cases the 




AV?//w(ry Engiimr 37;^9/oQ 



slide valves are each actuated by an electrically operated motor 
of the kind described in the Specification of prior Letters Patent 
No. 13X15 of 1907 comprising a rotary armature, the spindle of 
which is connected to the valve through mechanism comprisinji^ 
a pin and slot or other lost motion device whereby the momentum 
of the rotar>' armature and attached parts is utilised to rapidly 
actuate the valve. (Accepted 30//1 Aprils 190S.) 

Dynamos for Train Lighting. 11,066. nth May^ 
igoy^ H. Leitner, May bury ^ Wokitig. 

This invention provides for the 
more rapid building up of the 
voltage of dynamos of the type 
referred to in a prior patent No. 
9^55®^. To this end magnet c c^ is 
excited from a separate source of 
current g flowing through separate 
windings / /». With this arrange- 
ment when the dynamo is started 
its field is strengthened by the 
current flowing from the battery g 
\. through the windings / /i, whereby 
* the voltage of the machine is rapidly 
I built up. When the voltage of the 
I dynamo has reached a predetermined 
I point the switch 1 connects up the 
battery g to the main brushes. By 
properly proportioning the windings 
/ p the output curve of the machine 
can be modified as desired. 
{Accepted yth May, 1908.) 

Indicating or Recording Apparatus. 10,321, jrd 
May J igo"^, W. R. Preston, of ]. Stone and Co., Ltd., 
Deptjordy Kent, 

This invention relates to apparatus for indicating or recording the 
time occupied by a locomotive, train or other railway vehicle in 
passing over a measured length of road, and from which the 
speed may be computed. The object is to provide a simple 
apparatus which, up to a certain point, is automatically operated 
by the passing of an engine or other vehicle over the section, 
and thereafter merely requires a single operation by the observer 
to be in a condition for recording or indicating the speed of the 
next train passing over the section, or the time occupied by such 
vehicle in traversing the measured length of track, as the case 
may be. The apparatus consists of a suitable stop watch or 
speed indicator (b), supported in a convenient frame or casing, a 
hand lever (/) for setting the watch or indicator to zero, an electro- 
magnet (i), the armature of which is arranged to operate an 
appropriate device (w) for starting the watch or indicator and for 



subsequently stopping it, a battery, having one pole connected 
to one terminal of the magnet windings, the other terminal being 
conveniently earthed, and having the other pole connected to a 
line wire running along the track and including earthing switches 
and circuit breakers at the two ends of the measured section, &uch 
switches and circuit breakers being fitted with abutments, tumblers 
or the like to he engaged by the wheels of, or suitable projec- 
tions on, the locomotive or other vehicles. A IcKomolive or train 
passing over the treadle (x) displaces the treadle and closes the 
switch (s), which, as seen in Mgure 2, is normally open, thus 
completing the circuit comprising the battery (r), line wire (/), 
switch (i), wire (m), earth wire (u'), coil (/), and energizing the 
magnet, which thereupon attracts its armature (n), and depres»ses 
the head or knob (c) of the stop watch (6), the hands of the latter 
thereupon commencing their movement. Immediately afterwards 
the locomotive displaces the treadle (.v*), situated say only five 
yards ahead, and the circuit breaker (y) is operated to break the 
circuit and to thus de-energize the magnet, so that the knob (c) 
is free to resume its original position under the action of the 
spring within the watch. The locomotive having passed over the 
measured section now displaces a third treadle similar to x and 
closes the second switch (s) at the end of such section and the 
magnet again attracts its armature (n) and depresses the knob (c) 
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thereby stopping the hands of the watch (b). After this the second 
circuit breaker (y) is o^KTated, the magnet de-energized and the 
armature released, permitting the knob (r) to rise again, so that all 
that remains to be done, after taking of the reading by the signal- 
man or other observer, is the depression by hand of the lever 
which re-sets the watch (h) or other indicator to zero. (Accepted 
^th MaVf i<)o8.) 

Electric Brakes. 9y39o, 2jrd April, jgoj, J. F, 
Simpson, J5, Lo7i»rr Bank Road, tuhvood, Preston, 
Brakes for electrically propelled vehicles or locomotives are, ac- 
cording to this invention, so connected with the frame of the 
vehicle that when the brake blocks are brought magnetically into 
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contact with the rails they are caused to move relatively to 
the frame, whereby the weight of the vehicle is transmitted directly 
to them. The mechanism by which the weight of the vehicle can 
be exercised to exert vertical pressure downward through the brake 
shoes /, and their carriers, comprises a roller h on the upper part 
of the magnets a, and a device f carried from the cross bars / of 
the truck or vehicle frame ; this device i having a double curved 
inclined underface fe, in connection with which the roller h works. 
When the car moves forward, and the brake shoes / are electrically 
brought on to the rails, the resistance to the forward motion pro- 
duced thereby causes one of the inclines k to act upon the roller 
/i, and so press the brake mechanism, that is, the magnets a 
and shoes /, down on to the track. {Accepled 23rJ April, 1908.) 
Carriage Ventilating Apparatus. 18,780, 20th 
August f 1907, /. E. Howard and C E. Crighton, Fort 
Road, Eastbourne. 

According to this invention an air compressor b is driven from 
the axle a and the compressed air is stored in a receiver d and 
is used to drive a fan or fans h. The receiver is of sufficient 
capacity to keep the fans in operation while the train is stationary. 
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plate c are arranged in exactly similar manner to the bearings 
of the cutter or plough /, except that they are made hollow so as to 
admit the shaft and bearings of the cutter inside them, that is 
to say the plate c and the cutter / are arranged to swing about the 
centre. (Accepted iSth May, 1908.) 

Brake Mechanism, id^ogj. 12th July, 1907, The 
Consolidated Brake and Engineering Co,, Ltd,, and E, S. 
Luard, Spencer House, South Place, London, 
According to the invention the push or pull-rod by means of which 
the brake-blocks are actuated either in hand brake mechanism, 
vacuum or atmospheric brake mechanism, is formed at its end 
with ratchet teeth i j on its upper and lower faces. With these two 
racks there engage respectively a pawl k and a detent /, the pawl 
and detent being held in engagement with their respective ratchet 
teeth by means of gravity or by springs. The pawl and detent 
are pivotally mounted upon the arm c, so that motion is trans- 
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The air is preferably passed through a reducing valve e and thence 
through a small valve which can be controlled by the passengers 
for starting and stopping the fan to a small pneumatic motor 
running in an oil bath. When it is desired to ventilate a dining 
car or smoking compartment an exhausting fan may be used. 
{Accepted 21st May, 1908.) 

Sand Boxes. 11,620, 17th May, 1907. /. E. Anger, 
United Electric Car Co., Ltd,, Strand Road, Preston, Lan 
caster, 

A plate or shelf is supported below the usual sand hopper, and a 
plough or thrower is moved backwards and forwards between the 
mouth of the hopper and the plate to throw off the sand. A casing 
a formed as a continuation of the hopper b has a mouth or outlet 
arranged a short distance above the plate or shelf c, which is fixed 
in the lower part d of the casing. The thrower or plough / is 
pivoted in the casting so that it sweeps through an arc corres- 
ponding to or concentric with the curve of the curved plate c. This 
plough / is journalled at g g^ at both sides in the casting, prefer- 
ably at a point between the top casting a and lower casting 
d and is normally held by any suitable spring means, so as to lie 
at one edge of the curved plate. One of the ends of the plough 
/ projects through from its bearing, forming a short shaft or 
spmdle g' This short shaft is rigidly connected by means of 
a suitable link and arm to a rocking shaft across the under part of 
the car or vehicle, which rocking shaft is connected by means of 
another arm through suitable links and levers to the usual foot- 
lever. If it be desired to obtain a continuous flow of sand at times 
instead of an intermittent one as above described, the curved 
plate c can itself be mounted so as to swing about an axis prefer- 
ably struck from the centre, from which the curved surface of the 
curved plate is described. In this case the bearings h for the curved 
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mitted to or from the pull-rod through the medium of the pawl. 
Or, the double rack may be fitted or formed upon any other 
suitable part of the brake mechanism. With this arrangement 
when the wear of the brake-blocks or of the other connecting 
parts of the brake mechanism in course of time causes the move- 
ment of the pull-rod necessary for applying the brakes to be in- 
creased by an amount equal to the pitch of the teeth of the rack, 
then the detent springs forward one tooth in its rack and con- 
sequently causes the pawl on the return movement of the pull-rod 
also to engage with the next adjacent tooth, thus reducing the 
future stroke of the push or pull-rod by a length equal to the pitch 
of the teeth of the rack with which it engages. (Accepted 14//1 
May, J 908.) 

COMPLETE SPECIFICATIONS ACCEPTED. 
1907. 

1 1620. Sand baxps for irainway and railway vehicles. Anger. 

1 1722. Rail seats and braces for railroad rails. Rose and Bell. 

11769. Means of forming joints in railway or tram rails, (iillmor. 

12238. .Systems for electrically operating railway signals, points and 
the like. British Thomson-Houston Co. (.Allgemeine Electrictats Ges.) 

I26g7. Opening and closing apparatus for railway carriage windows. 
Jewson. 

173^7. Railway signalling apparatus. Kershaw and Saxby and 
Farmer, Ltd. 

18780. Apparatus for ventilating railway carriages. Howard and 
Crighton. 

28127. Railway sle<?pers. Boult (Gewerkschaft Deutscher Kaiser 
Hnmborn). 

9390. Electric vehicle or locomotive brakes. Simpson. 

9885. Means for locking railway carriage doors. Hobson. 

imx)i. Automatic unlway signalling and train controlling ap- 
paratus. Kitson and Kellett. 

1032 1. Apparatus for indicating or recording the time occupied by 
a loiomolive train or other railway vehicle in passing over a measured 
length of road. Preston. 

10687. Electrical block signalling system for railways. Brown. 

ii(»66. Dynamos for tra-n lighting. Leitner. 

1 1 230. Air brakes. Lake St. Clair Air Brake Co. 

I327(). Brakes for iramway vehicles and the like. .Simpson. 

IM819. Spark arresiers for locomotives and other multitubular 
t>oilers. Stokeld and Black. 

27894. Railway buffers. Gray. 

10732.^. Single rail vehicles. Davis, Meyer, Medhurst and Ferrar. 

io7g3. .St:ition indicators. Willis ^Smith and Brown). 

12646. Automatic couplings. Addis. 

15602. .Sij^nalling systems for railway cars and the like. Lake 
(American) Railway Signal Co. 
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16097. Brake mechanism for railway and like vehicles. Consolidated 
Brake and Engineering Co., and Luard. 

2<»oi7. Devices for operating railway points or switches, Rousseau. 

27942. Locking mechanism for railway points. Brochner, Larsem 
and Krogh. 

1908. 

1 107. Couplings for railway and like vehicles. Herrman. 

1326. Railway rail joints. Wolhaupter. 

2857. Railroad rail joints. Neuhard. 

5290. Rail joint for railway rails and the like. Knuttel. 

9552. Electrical block signalling apparatus for railways. Brown. 

1698. Guards for railway vehicles. Sanford. 

3779. Apparatus for controlling the supply of gas to railway car- 
riages. Spencer. 

5143. Railway trucks. Rohlfing. 



Offlcial Reports on Recent Aocidents. 

j4f Shrewsbury Station, L. ft N.W. and G, W. Joint R. On M# 
/j/k October, Li.Coi, H, A, Yorke report i that :— 

The L. and N.-W. 1.20 a.m. passenger train from Crewe was 
derailed and wrecked, see fig. i. There were about 70 passengers in 
the train, besides the driver, fireman, 3 guards, and 10 P.O. sorters. 
The driver and fireman, 2 guards, 11 passengers, and 3 P.O. ser- 
vants were killed, and 61 injured, some severely. 

The train consisted of a 4-6-0 passenger engine, 6-wheeled tender, 
and 15 vehicles (equal to 19J). The composition, weight, etc., of 
the train is shown by fig. 3. 

The engine and tender were fitted with the steam brake, and the 
train with the continuous automatic vacuum brake, the two brakes being 
applied and released by the movement of one handle on the engine. 
Both brakes could also be applied in any one of the guards* vans. 

The engine and tender were overturned on to their right sidc^ ; 
the two front vehicles of the train were demolished and buriiHl beneath 
the wreck of the rest of the train ; the third vehicle, (j.W. con)po. 
1 120, was close to Crewe Junction signal-box, about 20 yards from the 
rest of the train ; the next six vehicles were more or less in a heap, 
piled up to a considerable height, some of them being smashed beyond 
identification, and the steel underfames so interwoven that it was 
necessary to cut them in pieces before they could be separated ; the 
tenth vehicle was pressing against the heap of weckuge, and damaged 
beyond repair ; the next two vehicles were derailed and partlv thrown 
over on to their sides ; the next two were derailed and damaged ; 
while the last vehicle of all was on the rails (see fig. 1 .). 

All the axles of the engine were bent. In other respects the 
damage done to the engine was less than might have been expected, 
the boiler and mechanism being practically uninjured. The tender 
was completely broken up. 

The permanent way of two lines of rails was torn up and more or 
less destroyed for a distance of 140 yards (see fig. 2). 

Shrewsbury Station is the joint ' property of the L. and N.W. and 
Great Western R. Cos., and for working purposes is under the control 
of a joint superintendent, and for maintenance, in the charge of a joint 
engineer. 

The general arrangement of the junctions are shown by figs. 2 
and 4. The route which the train should have followed was from 
the main line (from Crewe) to the up platform, in which case it should, 
after leaving the main line, have followed the curve of 610-ft. radius for 
a distance of 86-ft., then proceeded in a straight line for 44-ft., and 
finally taken the curve of 750-ft. radius (see fig. 2), and it should 
have passed through both junctions ; but as it was derailed at the y 
crossing of the first junction, where the right-hand rail of the line 
on which the train was travelling intersects the left-hand rail of th#» 
up and down platform line, the curves and conditions beyond this 
crossing need not be further considered in this report. The points 
of both junctions were properly ** set " and bolted for the up plat- 
form line, and the junction signals were all at danger. 

The permanent way is G. Western standa'rd ; the rails 95-lbs. per 
yard ; chairs 52-lbs. each, fastened to the sleepers by two |-in. fang 
bolts ; sleepers 2-ft. b^-in. maximum distance apart, less at the joints, 
and at points and crossings. The switch rails at the facing points 
are 14ft. long, curved to a radius of 950ft., and the crossings are of 
a particularly strong description. The whole was relaid in 1903, 
and was in first-class condition. 

The superelevation of the outer rails on the curves was small, as 
is usual at all such junctions, where it is always impossible to give 
the correct amount of cant. At the first set of facing points, the 
superelevation is said to have been |-in. ; at the y crossing between 
the ri^ht-hand rail of the up main and the left-hnnd rail of the up 
and down platform line, the superelevation was lin. ; at the next set 
of facing points, between the up main and up platform lines, it was 
ijin. ; at the y crossing between these two hnes, ijin., and from 
here to the station it became 2^10. These figures represent the 
maximum superelevation which it is possible to give at this place. 
For a curve of 610ft. radius, the superelevation, according to the 
usual formula, would be as follows :— o*6in. for 10 miles per hour ; 
2'46in. for 20 m.p.h. ; i5*4in. for 50 m.p.h., and 22'2in. for 60 m.p.h. 
The speed of trams entering or leaving Shrewsbury Station and over 
the curve from Crewe Junction is not allowed by the Co.*s rules to 
exceed 10 m. an h. 

The distance from the first set of facing points to the correspond- 
ing crossing is 70ft. The first mark was at the y point of this 



crossing, which had evidently received some severe blows. On the off 
side of the y, a piece about bin. long had been sheared from the 
top, while the near side was bruised and damaged (sec fig. »). \ 
mark was then found along the outer edge of the right>hand rail 
of the crossing, and numerous indentations or wheel marks were 
apparent on the top of the same rail, these having an oblique direction 
from right to left, the adjacent wing rail being also marked on the 
outside. Thereafter, the chairs of the right-hand rail of the up 
platform line, and the left-hand rail of the up and down platform line* 
became broken, and the corresponding ends of the sleepers of the two 
lines were scored, split, or crushed. At a distance of 70ft. from, i.f.. 
south of, the y crossing, there is a girder of an underbridge, about 
i2in. above the ballast. The corner of the girder nearest ro the 
crossing was badly damaged. Some of the rivet beads on the top 
of the girder were damaged, and most of the bolt heads, which 
secured a face plate to the side of the girder nearest to the up plat- 
form lint, .were shenn*d off. The damage to the permanent way in- 
creased in severity until, at a distance of about 50 yds. from the 
crossing where the first mark appeared, both lines of rails, viz., the 
up platform line and the up and down platform line, were destroyed 
for a length of about 50 yds. (See fig. 2). 

Fig. 4 shows the curvature and gradients of the L. and N.-W. R. 
from Crewe, for a distance of 5 miles north of Shrewsbury. 

The points and signals of the junctions at the north end of Shnfws- 
bury Station are worked from what is known as the Crewe Junction 
signal-box, 1^0 yds. south of the junction, and about 30 yds. from 
the north end of the down platform. The up home signals of this 
signal-box, ol which there are 3, namely, for the up main, up plat- 
form, and up and down platform lines, re^>ectively, are situated on 
the up side of the L. and N.-W. R., 66 vds. north of the fir>t 
of the facing points, being placed in that position in order to protect 
a cross-over road between the up and down L. and N.-W, lines, 
which is between the signals and the facing points. All these signals 
were at danger. The mterlocking is correct. The next signal-box. 
600 yds. northwards of Crewe Junction, is Crewe Bank box. Here 
• lie signals referring to the up line are distant, home, and starting, 
there being also outer and inner distant signals (each with a single 
arm) of Crewe Junction box fixed respectively on the same posts as, 
and below, the two latter; the two distant signals of Crewe Juncliun 
are fixed at danger, and the regulations for working the traffk ore 
such that the distant signal of Crewe Bank is never lowered. Tl»e 
next signal box, viz., Marlescott crossing, is about \ mile from Crewe 
Bank, and has distant and home signals ; and the next is HadnaJl 
Station, about 2} miles north of Harlescott crossing. 

The signals are all on the left-hand side of the line, i.e., on the 
driver's side of the engine.* They are good conspicuous signals, easy 
to see, and easy to read, and the lights are said to have been burning 
properly on the night of the accident. The usual phwre for drivers to 
begin to slow down and check the speed of their trains is said to be 
about \ mile north of Crewe Bank outer distant signal, or 1,941 y^u-ds 
from the site of the accident. 

All the signals were ** off ** for the train as far as Crewe Bank, 
but here, and at Crewe Junction, they were at danger. The reason 
for this was that as the platform line at Shrewsbury to which the train 
was to run was already occupied by a previous train, with which the 
Crewe train had to conne^n, the Crewe Junction signalman had 
accepted the latter train from Crewe Bank under ** Section clear but 
station blocked," and it was therefore the duty of the Crewe Bank 
signalman to stop the train dead, and verbally ^\f the caution to 
the driver. The train should then have proceeded cautiously to the 
home signals of Crewe Junction, one of which would eventually hove 
been lowered to allow the train to enter the station at the authorised 
speed of 10 miles an hour. 

Fig. 3 gives particulars of the engine, which was one of the 
*• Experiment *' class, and has a leading *• radial truck.'* This is 
similar in most respects to a bogie, but also possesses some feature** 
in common with Webb's well-known ** radial axle.'* The radial irurk 
allows a limited amount of lateral or side play, in addition t<) th** 
turning movement ; which Is not the case with a bogie fitted with a 
centre pin only. 

The engine was fitted with an air pump, connected to one of th^ 
cross-heads for maintaining the vacuum. There were six sand boxes 
on the engine, five of which were found to be intact and filled with 
sand after the atxident. The other had been carried away. 

The engine was turned out of the shop's new in December, 1906, 
and commenced running on the 15th January, 1907. It is said to have 
run 55,857 miles up to the date of the accident. It went into th«i> 
shed at Crewe for a general overhaul between the 30th September 
and the loth October, IQ07, and the following repairs were done to 
it, namely :— wheels turned up, axle boxes re-fitted on journals, conne<-t- 
ing rods examined, new brasses fitted on big end, copper slays and 
fire-box re-riveted, tubes examined, and other minor details aUend«Hi 
to. After compleiion of the repairs, on the nth October, the en|^n»» 
was given a trial run to Whitmore and back, when, everything bemg 
satisfactory, it was put into service the same evening, working from 
Chester to Crewe and back. On the 12th October it worked a irjin 
to Birmingham, and returned light to Crewe, and subsequently workt?d 
a special train from (Vewe to Batley, and again returned light to 
Crewe. On the 14th October it worked the 2.5 a.m. train frtmi 
Crewe to Holyhead, returning in the evening with the 6.50 p.m. 
train from Holyhead to Crewe, due at the later place at 11.50 p.m. 

•The practice ou the L. 4t N.W.R. i» to "drive " from the left-hand aide of the 
footplate. 
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At 1.28 a.m. on the morning of the 15th October it left Crewe with 
the train to which this accident oi*curred. It had, ther«*forc, only 
been at work for four days, since the completion of the repairs, when 
this accident happened. 

All the vehicles were either built or repaired within the last twelve 
months, it may be taken in the absence of any evidence to Ihe 
contrary that they were in good condition. 

The weight of the train, exclusive of the engine, was iHq tons, 
of which all but about 23 tons was carried upon braked wheels. The 
weight of the engine and tender was, as already stated, 102 tons 
15CWI., of which all but 19 tons was carried upon braked wheels. 
The total weight of the train, inclusive of engine and tender, was 
therefore 391 tons 15 cwt., of which 349 tons 15 cwt. was braked. 
(Sec fig. 3). 
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church and Shrewsbury. It therefore appears that the train took 19 

minutes to cover the distance of i82 miles between Whitchurch and 

Shrewsbury, which is approximately equivalent to a speed of 60 miles 

an hour. This is in agreement with the evidence of the signalmen 

in Crewe Bank and Crewe Junction signal-boxes, the former of whom 

says that the train passed him at 60 miles an hour, and the latter — 

that Ihe train was travelling at a ** terrific speed — 60 miles an hour," 

when it was passing his home signal, immediately before the accident. 

Several other witnesses also tcsiiticd to the excessive speed of the 

train as it approached the junction. Guard Birch says that when the 

train was passing Crewe Bank distant signal, the speed was 60 

miles an hour, that he observed that the vacuum brake had been 

applied somewhere between the distant and home signals of Crewe 

Bank box, and that the speed was reduced to 40 miles an hour before 

the derailment occurred. The last part of this statement does not 

correspond with the evidence of signalman Beedleston, at Crewe Bank, 

who says that sparks were not flymg from the wheels when the train 

passed his box, nor with the statement of signalman Ward, in Crewe 

Junction box, who is positive that the speed was fully 60 miles an 

d his home signal, nor with that of the 

ed to. But the most eloquent witness of all is 

after the wreck. The total demolition of 

It part of the train, the greater portion of 

underframes, and the manner in which 

) and interlaced, was sufficient and con- 

10 saw it, that the speed of the train must 

at the time of the catastrophe. And when 

; the actual destruction of the rolling stock 

ravelled for 75 yards on the ballast and 

i, without any risk of exaggeration, that 

lies an hour, and probably more, when the 

derailment. 

ster followed as a matter of course, the 
^ being as to the particular form which 
, t.e., whether a simple derailment would 
ailment would be preceded by the over- 
ly part of the train ; or whether the train 
;ould dash into the station and collide with 
was already at the platform. 
I Wellington's standard work,* it appears 
itre of gravity 5ft. 4ins. above rail level, 
ntrifugal force at a speed of 65 miles an 
>ne of 637 feet radius, but ** long before 
inger." In this case the line as far as 
fter which it was on a curve with a radius 
practical purposes may be taken as a 9" 
m at the commencement of the curve was 
inch. The above calculation is purely iheo- 
ount of the variations due to oscillation, un- 
1 bed, and — most important of all — the shock 
points, and the intensification of the curva- 
f the switch rails. The length of the 
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The Working Times are as follows :— 

A.M. 

Crewe •« dep. 1.20 

Nantwich pass 1.27 

Whitchurch , 1.41 

Shrewsbury arr. 2.5 

The average speed is therefore 43*5 miles per hour. 

!t will be seen from the Schedule that, whereas 14 minutes are 
allowed for the 9I miles between Nantwich and W^hitchurch, equivalent 
to a speed of 40 miles an hour, only 24 minutes are allowed for the 
18] miles between Whitchurch and Shrewsbury, including the time 
required for slowing down and slopping at the latter place. Allowing 
3 minutes for the last \\ miles, \,€,^ from the 31st mile post (near 
which it is the custom of drivers to begin to slow down) to Shrews- 
bury Station, it will be found that the average speed from Whit- 
church to the 31st mile post must be about 50 miles an hour. But 
this is subject to fluctuation owing to the gradients, especially with a 
heavy train such as the present one, and it may be reasonably assumed 
that on the falling gradients from Hadnall the speed is always con- 
siderably above this figure. 

The train left Crewe 8 minutes late, and was still 8 minutes late 
at Whitchurch. The driver made up 5 minutes between Whit- 
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switches in this case is 14ft., and they are curved to a radius of 950ft. 
This curvature of the switch is provided for the purpose of reducing 
the shock due to the sudden transition from the tangent on to the 
curve. But at all such junctions, "the abrupt divergence from the 
straight line, which takes place in such a length, is more than twice 
as great as the tangential divergence which occurs in the same length 
on the sharpest curve in ordinary use on railways, "t The divergence 
in this case is 4iin., viz., i|in. between the stock rail and the switch 
rail (that being the space required to allow the flanges of the wheels 
to pass between the two rails) 4- i\ inches, which is the width of the 
head of the switch rail. This divergence, in a length of 14ft., is 
equivalent approximately to that of a curve of 4 chains radius (264 ft.), 
and although the curving of the switch rail to a radius of 950ft. has 
undoubtedly the effect of reducing the shock caused by the sudden 



*The Economic Theorj- of Railway Location, bf (the late) A. M. Wellington, New 
York. 
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transition from the straight, it dors not alter the fact that the 
divergence in a distance of 14ft. is necessarily equivalent to that of a 
curve of exceedingly short radius, on which overturning would occur 
at a speed of 40 miles an hour. The curve given to the switch rail 
is not a true transition curve, that is to say, it is not, and cannot 
be, tangential to both the slock rail at the point of the switch, and 
the curve of the line at and beyond the heel of the switch, and 
although it doubtless reduces the shock of impact, and increases tho 
comfort of passengers, it docs not justify any considerable increase of 
speed through the junction. 

For these reasons it is evident that at a junction such as this 
overturning would take place at a speed considerably below 65 milrs 
an hour. By the regulation of the joint companies the speed through 
the junction is fixed at 10 miles an hour, and this is not absolutely 
safe, but does away with all feeling of discomfort on the part of 
the passengers. It has also to be noted that, not only the junction 
signals were at danger, but also the starting, home and distant 
signals of Crewe Bank box, the home signal being 527 yards, and 
the distant signal 1,403 yards from the junction. The train should 
therefore have come to an absolute stop at Crewe Bank, 527 yards 
from the junction, and should have afterwards proceeded cautiously 



centrifugal force. In thi« way each wheel of the fore part of the 
train in succession took the wrong side of the point of the V ^^ ^^ 
crossing, and derailment immediately commenced. The moment that 
this occurred the action of centrifugal force ceased, the overturning 
movement was arresud, and the engine, probably, took a course 
tangential to the cur\-c it had just left. The rest must be largely a 
matter of conjecture. From the manner in which the permanent way 
was affected, it is certain that the train became ** split, "^ part of it 
following the left (or up platform) road, and part the right (or up 
and down platform) road. The fact that all the coaches but one were 
found between these two lines, and several of them in a po»ition 
transverse to the lines supports this view. The engine followed a 
straight course between the lines, with its left>hand wheel* travelling 
for some distance on the sleepers of the up platform line, and its 
right-hand wheels on the ballast between the two lines. In this manner 
it probably scraped by the north face of the girder, to which reference 
has been already made, shearing off as it did so the heads of the 
bolts projecting therefrom. After passing this, its wheels got deeper 
and deeper into the ballast, causing it finally to overturn on to its 
right side. That the engine did not travel far after it was over- 
turned is proved by the fact that the bodies of the driver and fireman 
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to the junction, where the speed should have been 10 miles an hour. 
But it has already been shown that the actual speed of the ill-fated 
train was at least 60 miles per hour when it reached the junction, and 
danger at once became imminent. What probably happened was this. 
The wheels of the engine when passing through the facing points were 
suddenly deflected to the left, this being the direction of the curve, 
while the direction of motion of the mass of the engine was straight, 
and tangential to the curve. This caused the engine to give a heavy 
lurch, and to commence to fall over towards the right, thus lifting 
the left-hand wheels off the inner rail of the curve, while the right- 
hand wheels were pressed hard against the outer rail, the pressure 
being divided between the two bogie wheels and the rear wheel of 
the engine. Seventy feet from the junction there is the usual gap 
in the right-hand rail of the curve, where this rail intersects the left- 
hand rail of the straight line, which gap would be reached by the 
engine (travelling at 60 miles an hour) in less than a second. At 
moderate speeds, the wheels of vehicles passing through such a cross- 
ing are guided by the check, or guard rail which is fixed opposite 
the crossing alongside the other rail of the track ; the effect of the 
guard rails being to keep the wheels at one end of an axle in the 
proper course, while the wheels at the other end of the same axle 
are passing over the gap. But in this instance the left-hand wheels 
of the engine would, as stated — owing to the commencement of the 
overturning movement of the engine — be lifted off their rail, and the 
guiding effect of the check rail would be lost. 

There was nothing therefore to prevent the right-hand wheels, 
first of the radial truck, and subsequently of the engine and train, 
from being deflected to the right, as they urossed the gap — on the 
contrary they were certain to be so deflected, under the influence of 



were found on the engine, and also by the superficial nature of the 
damage done to the lagging of the boiler, which was merely scratched. 
The framing of the engine probably became entangled in the permanent 
way, which caused it to come abruptly to rest with its front end 
100 yards from the crossing where the derailment took place. The 
engine thus acted as a *' stop *' to the rest of the tram, with the 
result that '* telesc*oping '* of the leading vehicles (occurred, and the 
wreckage was piled up in a heap. The engine was followed by the 
tender, and probably also by the two leadmg coaches, which were 
buried beneath the wreckage immediately behind the tender. The 
third coach was thrown clear of the rest of the wreck, being found 
about 35 feet south of the engine, close to the Crewe Junction signal- 
box. This coach was one of those that followed the up and down 
platform line ; but how many others did the same thing, or which 
coaches battered the end of the girder between the two lines, it is 
impossible to say. A remarkable feature about the occurrence is the 
manner in which, in spite of the ** splitting " of the train, all the 
vehicles of the front portion of the^ train with one or two exceptions 
came together and were piled up in a heap, while the rear vehicles 
were heading for the heap, with the exception of the last, which 
passed safely through the crossing and remained on llie rails. In 
fact, from the position in which the vehicles were found, it would at 
first sight seem as though the train had, with the exception of coach 
1,120, followed the engine in a direct line, but, judging from the 
destruction of the two diverging lines of rails on either side of the 
wreckage, this cannot have been the case. What caused the final 
concentration of the vehicles cannot be explained, but it points to the 
fact that the couplings held until the very last moment. (See fig. 1). 
The following salient facts are not to be disputed :—(i) the train 
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was travelling- at an excessive speed when it reached the junction ; 
(2) the derailment took place at the y crossing between the up plat- 
form line and the up and down platform line ; (3) the train was 
*' split '* at this place, part taking one line, and part the other ; (4) 
the engine came to a stop in 100 yards from the point of derailment, 
or in less than half the length of the train ; (5) the abruptness of this 
stop, combined with the initial speed at the moment of derailment, 
sufficiently account for the long death roll and the wholesale destruc- 
tion of rolling stock, which mark this catastrophe as among the 
worst which have occurred on English Railways. 

It not infrequently happens that derailments are caused by weakness 
or other fault in the permanent way. But in this instance it may 
be said at once that the permanent way was of the best and strongest 
description, and in no way can the derailment be attributed to any 
defect in it. 

Suggestions have been made to the effect that the brakes on the 
train must have " failed," and this appears to have been the view 
taken by the Coroner's jury, who, after a verdict of " Accidental 
Death,'* added a rider ** that the brake power of the train was in- 
sufficient.** The jury heard no evidence regarding the braking power 
of the train, and on such evidence being tendered by the Solicitor of 
the L. and N.-W. R. Co., they declined to receive it. Nor is it clear 



different companies, were in such a condition as to be totally un- 
serviceable. 

In the absence then of any evidence to the contrary, it may be 
taken that the brakes in this train were in ordinary working condi- 
tion, and of the usual degree of efficiency, and were sufficient to have 
controlled the train and brought it to rest at the signals at both 
Crewe Bank and Crewe Junction signal-boxes, had they been applied 
in sufficient time. 

Another suggestion that has been made is that the driver was 
unable to close the regulator valve. This might happen in any of 
the following ways : — (a) the breaking of the rod or of any of the 
connections between the regtilator handle on the footplate, and the 
valve ; (b) by some defect in the regulator valve inside the boiler ; or 
(c) by the seizing of the rod by the gland packing^, where the rod 
passes through the face plate of the boiler over the fire-box door. As 
regards (a) and (b), the examination of the engine after the accident 
by Mr. Main, M.I.Mech.E. (.Assistant Inspecting Officer, Board of 
Trade), showed that the rod or spindle, and the connections between 
the handle and the valve, were unbroken and perfectly sound. For 
the purpose of this examination the dome was lifted and the whole 
of the gear removed. The regulator valve is of the Ramsbottom 
double seated t3rpe, the opening and closing of it being effected by 
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what is meant by the statement that the brake power was 
•' insufficient." 

It is a very easy thing at all times to say that the brakes " failed," 
and very difficult to disprove, and such suggestions, if not based on 
positive evidence, require the closest scrutiny. There is no possibility 
of the centrifugal force having had any effect on the ball valves. The 
various vehicles on the train had respectively several patterns of 
vacuum brake, chiefly those in use on the L. and N.-\V. and the 
G.W. Railways. 

Guard Birch, who was in charge of the train, and was travelling 
in the rear brake van, says that the brakes were tested in the usual 
manner, and in accordance with the regulations, before the train left 
Crewe. It is more than probable that in a long train the brake blocks 
do not all move with the same degree of rapidity and pressure, and 
that the actual braking power at the driver's disposal is less than that 
theoretically available. This would be due to one oi other of the 
following causes : — (o) the existence of cracks or leaks in the rolling 
rings or diaphragms, or (in the case of G.W. stock) of the valvular 
piston ring, all of which are made of vulcanised rubber, and liable to 
deterioration, such cracks causing a leakage between the upper and 
lower sides of the brake pistons ; (6) worn brake blocks or slack brake 
rigging. Some such defects are ever present to a certain extent, 
except perhaps in the case of absolutely new rolling stock, but it is in 
the highest degree improbable that the whole of the brakes or the 
majority of them on this train, composed as it was of comparatively 
new, or recently repaired stock of different types and belonging to 



raising and lowering the valve in a vertical direction by means of an 
eccentric attached to the rod or spindle, which passes horizontally 
through the boiler, from the regulator head to the handle outside the 
boiler face plate. Everything connected with the valve was found in 
good order, and close fitting. As regards (c), if any such seizing 
occurred, it would be due to want of proper lubrication, for which the 
driver was responsible. But, even supposing that the regulator was 
stiff, the fact that the regulator handle was found shut after the 
accident upsets the suggestion that the driver was unable to close it. 
Driver Martin had taken the same engine to Holyhead and back, 
and if he had had any difficulty with the regulator he would have 
had an opportunity of speaking about it at Holyhead or Crewe, and 
having it rectified. For these reasons, there does not appear to be 
any ground for supposing that the regulator was out of order, or 
that the driver was unable to close it. 

There is another possibility, and that is that the gauge glass broke, 
and that the enginemen were driven off the footplate by the escape 
of steam and scalding water. The gauge was indeed found broken 
after the accident, but the fracture was probably the effect and not 
the cause of the disaster. The gauge glasses on the engines of the 
L. and N.-W. R. have efficient protectors, and are also fitted with 
automatic " shut off " valves, both at the top and bottom, which 
instantly close the connections between the boiler and the gauges, 
should the latter become broken, so that if any accident occurred to 
the gauge the enginemen would have been in little or no danger 
from steam or water. 
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All the above arguments point to the extreme improbability that 
the disaster was due to any defect in the permanent way or mechanism 
of the engine or brakes. If that is so the cause must be sought 
elsewhere. 

Driver Martin was an experienced man. He entered ihe Com- 
pany's service in 1871 as cleaner, and had worked his way up through 
the various grades of cleaner, fireman, extra driver (i>k)8), goods and 
local passenger driver (1899), until in 1904 he became express driver. He 
was in his 52nd year, and is said to have enjoyed good health. There 
is no reason for supposing that his sight was bad, or that he suffered 
from colour-blindness. His eyesight is said to have been last tested 
in February, 1907. He was not a teetotaler, but was described as a 
sober man. His record of service for the last ten years shows 13 



to have had his lea and left the huu«;e earlier than this. Nightman 
Higgins, who came on duly again at 7 p.m., and driver Davenport, 
who was in the house, state that they had some r<mv»'rhation with 
Martin while he was at his tea, and that in answer to their enquiries 
he said that he had had a '*good" or "quiet day" in bed. They 
both say that he tcok away some tea wiih him in a bottle, which he 
filled from the teapot ; but at this pjint there is a discrepancy in 
their evidence, Higgins saying that Martin s bottle was *' an ordinary 
bottle or si<»ne jar, ' and Davenpi.rt, that it was a ** little glass bottle '* 
similar to a mineral water bottle. As a matter of fact the bottle 
which was subsequently found with driver Martin's name on it was 
a stone bottle such as is usually possessed by drivers. 

At 7.25 p.m. .Martin left the house and went to the engine-shed 
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entries : 4 for running by stations at which he was booked to stop, 
2 for passing signals at danger, 5 for being absent without leave, or 
missing his train, and the other two for losing time, or allowing 
his engine to emit clouds of black smoke in a station. All these 
faults occurred between the years 1896 and 1905 ; two of them ("absent 
without leave," and *'missing his train") while he was ^a fireman, 
and the remainder after his promotion to driver, the last entry of all 
(viz., "passing Standon Bridge Station, where he was limed to siop") 
being dated October 4th, 1905. 

Martin's e.\cuses for passing the stations at which he was timed 
to stop were the same in each case, namely, that he had misread his 
Working Time Book, while, as regards passing signals at danger, 
he stated in one instance that he missed seeing the distant signal 
(although it was a clear night), and therefore failed to stop at the 
home signal, and in the other, that although the distant signal was at 
danger, the home signal was " off," and he consequently failed to stop 
at the starting signal. As a rule the punishment awarded was one 
or two days suspension from duty, but in the last case the suspension 
extended to three days. 

Such a record can hardly be regarded as a very good one, and 
indicates, to put it mildly, an occasional lack of attention on Martin's 
part to his duties. 

Fireman Fletcher, who was in his 3olh year, had been in the 
Company's service since 1897, first as cleaner, and since 1904 as fire- 
man, fie bore a high character, and is said to have been a " strict 
teetotaller." Many witnesses testified to his steady, sober, and thrifty 
nature. He had returned from his annual holiday on the previous day, 
and this was the first job he had to do since his return. He was 
employed as extra fireman, and was, therefore, accustomed to work on 
all sections of the L. and N.-W. R., but he had never previously 
" fired " for driver Martin. 

Driver Martin and fireman Fletcher came on duty at Crewe on 
Sunday, the 13th October, at about 8.15 p.m., to work the 9.22 p.m. 
train, Crewe to Manchester. They returned from Manchester to Crewe 
at 10.47 p.m., and they then worked the 2.5 a.m. train from Crewe 
to Holyhead, arriving at the latter place at 5.19 a.m. on Monday 
morning, the 14th. After taking their engine to shed, they left work 
at about 6 a.m., and proceeded to the lodging-house near the station, 
which is provided by the L. and N.-W. Co. for the use of their men. 
U is obligatory on all the men to make use of this lodging-house when 
booked off duty for the purpose of taking rest, instead of taking 
lodgings in the town, and a book is kept in the house in u-hich 
the men have to sign their names, both on arrival and departure. 
There is also a board provided on which the number of each man's 
room is entered and the time at which he wishes to be called. The 
lodging-house is in charge of a matron in the daytime, and of a watch- 
man during the night. It contains bedrooms, bathrooms, Ia\atories, 
mess-room, and conveniences for cooking or warming the food brought 
into the place by the men. No intoxicating liquors are obtainable in 
the house, but there is nothing to prevent a man bringing anything 
of this sort into the house should he so desire, for consumption with 
his meals, and there is no reason why he should not do so when off 
duty for a whole day, as in this case, so long as the quantity is 
moderate. 

Night-watchman Higgins saw Martin and Fletcher arrive at the 
house at six, and Miss Williams, the matron of the house, saw Martin 
between 8 and 9 a.m. in the dining room, but one saw them have 
their breakfast or go to their rooms. No definite evidence is forth- 
coming to show how the men passed the day, but Miss Williams, 
when about the house during the day in the course of her duties, 
observed that the door of the bedroom (No. 15) allotted to Martin was 
closed, and heard breathing as though someone was sleeping therein. 
It may therefore be assumed that they spent part at least of the 
time in bed. Neither of the men was seen by anyone in the house 
till about 7 p.m., when Martin was having his tea. Fletcher is said 



to join his engine, and at 8.50 p.m. he and Fletcher left Holyhead 
with the parcels train for Crewe, where they arrived at 11.50 p.m. 
At Crewe there was an interval of i^ hours before they were due to 
leave with the 1.20 a.m. express train for Shrewsbury. This interval 
seems to have been occupied, firstly in disposing of the Birmingham 
and Crewe portions of the Ifolyhcad parcels train, which were put 
into No. 6 bay ; secondly, in shunting a hor»e box and a fish truck 
inio the down carriage sidings; and lastly, in crossing from jhe 
carriage sidings to No. 4 platform, where the Shrewsbury train was 
standing. This last movement seems to have taken some little time, 
as the engine had first to go from the carriage sidings at the south 
end of the station to the North Junction box, and then back again 
to the south end, along No. 5 up line, in order to enable it to reaih 
No. 4 platform line, and Martin is said to have expressed to Inspector 
Cook some anxiety lest he should be late in getting on to his train. 
The engine was coupled on to the train at 1.18, and, as soon as this 
was done, the brake is said to have been tested in the usual manner 
by the rear guard. The train left at 1.28, the delay (8 min.) in 
starting being due to causes for which Martin was not responsible. 

Martin was well acquainted with the line bet\\een Crewe and 
Shrewsbury, having worked trains over it constantly >»ince 1903. He 
had also taken the 1.20 a.m. train from Crewe to Shrewsbury as 
recently as the morning of Saturday, the nth October. In .April and 
again in October, 1907, he had signed the ** road book," stating that 
he knew the section, and had been over it during the previous six 
months, and he was in possession of the (Jeneral Rule BtX)k, Working 
Time Book, Appendices, etc., etc., the latter containing the regulations 
as to reduction of speed at various places, including the entrance to 
Shrewsbury Station. He is said to have been very particular in his 
care of these books, and kept them in a leather w:dlet which he 
carried in his basket.* 

Fireman Fletcher is also said to have known the road to Shrews- 
bury, as, being an extra fireman, he had to be prepared tu wt^rk 
with trains to any place. But his usual occupation was that of a 
" cleaner," and though he had a (jeneral Rule Book, he was not 
supplied with the Working Time Book and Appendiies. etc. His 
knowledge of the road must, therefore, have been inferior to Martin's. 

There is nothing to show that driver Martin was aware of his 
position and danger when he passed Crewe Bank box. Had he been 
so, it is almost a certainty that he would have been blowing his 
brake (or danger) whistle, or would have made some attempt to 
attract the attention of the signalman, or of the guards of the train, 
to his difficulties. 

Cfuard Birch says that somewhere between Harlescott Crossing and 
Crewe Bank box his attention was attracted to the high speed of the 
train, and that he then looked out of the window and «ii\v thp distent 
signal of Crewe Bank at danger. He then went to the brake valve 
in his van for the purpose of applying the brake, but found that the 
vacuum in the train pipe had been destroyed, and that the indicator 
of the gauge was pointing to zero, showing that the brakes had 
already been applied. It must be remembered that in s.*\ing this 
Birch is only repeating what he ought to have done according to the 
rules, and there is no corroboration of his atatement. On the iX)n- 
trary, the statement of signalman Becdleston at Crewe Bank, though not 
conclusive, indica'es that the brakes were not on the wheels of the 
train as it passed his box. There was a lot of steam about the 
engine, but he saw no sparks from the u heels. But it appears that 
soon after passing Crewe Bank box Martin realised his position. The 
evidence of police-constable Price, who saw the train a short time 
before it reached the junction, and of Mr. Fvans, who heard it, goes 

•Neither books. bft«'<^t, or widlet hi»ve been fortbcotuioK nine** the ardilent. Two 
b iskt'A were picked up. but only one of them, VfUUh ha^i be«n ide&tidfl a» tbd fl^' mftn*M, 
wa« preserved. This c<«ntiiinHl nothing but a olutb and some scta'^p nf food. Tbe othtr 
basket dimppearrd. hut, jndifiug from the evidence uf ahedman BeUingham, it in tomt 
W4y or ether got back to Crewe, and waa burnt. ^ 
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to pro\o that the driver sounded his whistle a few times about half- 
way between Crewe Bank and Crewe Junction sig:naI-boxes. Other 
evidence points to the probability that the brakes were applied and the 
engine reversed before the junction was reached. This is confirmed by 
the fact that the brake handle on the engine was found \n the 
** on *' position, and the reversing handle in back gear, when the engine 
was examined after the disaster.* All these facts indicate that ihe 
brake was applied and the engine reversed after passing Crewe Bank 
box, or in other words, when it was too late. And it is probable 
that Birch went to the brake valve for the purpose of applying the 
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not a teetotaller, and, in the interests of the public, searching enquiries 
into Martinis life and habits have been made at Crewe and other 
places. Nothing, however, has been elicited which would throw any 
light in this respect on the disaster, and so far as can be ascertained, 
Martin has never been known to have exhibited any signs of intoxica- 
tion when on duty. During Monday, the 14th October, he had spent 
13 hours at Holyhead, and, as already stated, no one can be* found who 
saw Martin from about 8.30 a.m. till he had his tea between 6 and 7 
p.m. Two men say that they then saw him fill a bottle with tea 
to take with him on his engine. But, as one man says the bottle was 






/ 



jt/jky 



/ 






brake, when the train was between Crewe Bank and Crewe Junction, 
and not, as he says, before it had reached Crewe Bank. 

The all-important question at once arises as to how it happened 
that the train was allowed by Martin not only to run past two signal- 
boxes, the signals of which were at danger, but also to approach the 
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junction at .such an excessive speed. The first thought that leaps to 
the mind is that the driver must have had a sudden attack of illness, 
or a fit of some sort. The testimony of his friends and acquaintances 
showed that Martin was a healthy man, in the prime of life, stoutly 
built, and weighing about 14 stone, and one who had never exhibited 
any tendency to fainting or physical collapse. In order to clear up 
any doubt on this subject, the Coroner ordered a post-mortem to be 
held on his body. The evidence before the Coroner of the surgeons 
who conducted the post-mortem (Doctors Bulstrode and Jackson) is 
to the effect that the heart, brain, and liver of Martin were healthy, 
and that there was nothing to indicate that he had had, or was liable 
to, any such attack of sudden illness. 

Another obvious question arises, and that is whether Martin was 
sober. This is an unpleasant subject, especially as the unfortunate 
man is dead and cannot speak for himself. Several letters have been 
addressed to the President, suggesting drunkenness as the 
cause of this and similar disasters. Many of these letters come from 
men who have served on the footplate, others from medical men who 
have had engine-men under their professional treatment. Martin was 

*The rwuUtar tmndle was cloved, but this may have becD du-* to the fact that the 
driver bad bold of it at ihe moment of nrerturoinK. The iDaa*»< b idr was jammed 
bHweeo tho rcffulntor handle and the boiler in such a way thU the handle had to betaken 
off before the Dody coold be extricated. 
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of glass, and the other that it was of stoneware, the value of their 
evidence is considerably discounted. Martin's bottle was found on, 
or near, the engine after the accident by a man namrd Adamson, who 
showed it to locomotive foreman McClellan, and by the latter's orders 
put it away in his (McClellan 's) compartment in the break-down train. 
It was afterwards transferred to McClellan 's ofiice at Shrewsbury, and 
kept there under lock and key until the third day of the inquiry (22nd 
October), when it was produced. McClellan told no one of the finding 
of the bottle except locomotive foreman Nash. It was a stone bottle, 
with Martin's name stamped upon the brass handle attached to it, 
and it was further identified as Martin's by fireman Powell, who had 
formerly regularly worked with Martin. When produced, it was 
absolutely clean, both inside and out, and the brass handle had evidently 
been very recently polished. It had no cork or stopper, and there was 
no smell of tea, coffee, beer, or spirits about it. McClellan admitted 
that the bottle had been in his possession since it was found, and, 
in the first instance, said that it was in the same condition as when it 
was found. But it was subsequently ascertained that during the time 
the bottle was in McClellan 's possession it had been washed and 
cleaned. Both Nash and McCleUan committed a grave fault in not 
reporting to their superiors the fact that the bottle had been found, 
and McClellan was further to be blamed for allowing the bottle to 
be washed while in his possession. The misconduct of these men did 
not result in any material fact being withheld. 

The contents of Martin's stomach were forwarded by Dr. Bulstrode 
to London for analysis by Sir Thomas Stevenson, M.D., Ofilicial Analyst 
to the Home Office. Sir Thomas Stevenson's report stated that, 
besides solid food, the stomach contained a liquid ounce of brown fluid 
which was not identified, but which possessed no odour or signs of 
malt or spirituous liquor. The examination which took place on the 
a3rd October, i.e., the eighth day after the accident, clears Martin 
from the suspicion of having been drunk when he went to his death. 

One other possible explanation of the accident, and that the simplest 
of all, remains to be considered — were either or both of the men on 
the engine asleep or doijing? It is not to be supposed that anyone 
who has had any experience ** on the footplate " will deny the possibility 
of such a thing happening. 

It is an admitted fact that the early hours of the morning 
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are those during which human vitality is at its lowest^ point, and the 
need of sleep is most felt. In the present instance, driver Martin had 
been out of bed the whole of the previous night, viz.. from 8.15 p.m.* 
on Sunday to 6 a.m. on Monday. He had a long interval of rest at 
Holyhead,' but to what extent he took advantage of this or whether 
he got any sleep cannot be ascertained. He returned to work at 7.25 
p.m. on Monday evening, with the prospect of another night out of 
bed before him, and it may well have happened that on the fatal run 
between Crewe and Shrewsbury, i.e., between the hours of 1.22 and 
2.8 a.m., he was tired and sleepy. It may be that he was awake 
when he passed Hadnall, and that he shut off steam when he crossed 
the summit of the line near the place. But it is believed that, after this, 
sleep overcame him, and caused him to close his eyes for a few 
minutes, so that he passed Harlescott Crossing and Crewe Dank with- 
out knowing it. He thus failed to see the signals at the latter place 
(which were at danger), and did not apply the brakes at the usual 
place, viz., a quarter of a mile outside the Crewe Bank distant signal. 
Owing to the falling gradient, the speed of the train rapidly increased, 
and when Martin roused himself (or, perhaps, was roused by the fire- 
man), he was past Crewe Bank signal-box, and close to the junction, 
the speed by that time being exceedingly high. He then instantly 
applied his brake with full force, and reversed his engine, but before 
these measures had time to take effect, the engine had reached the 
junction, and the end came. In this connection it has to be borne in 
mind that when a train is travelling at 60 miles an hour, a minute 
in time is equivalent to one mile in distance, and as such a train could 
be stopped in about three quarters of a mile, it follows that a delay 
of less than one minute in the application of the brake makes all the 
difference between safety and danger. 

It may be asked, what was the fireman doing, and why did not 
he awake his driver ? Possibly he too was asleep, though, as he was a 
younger man, this is not so probable as in Martin's case. A more 
likely explanation is that he did not know that Martin was asleep. 
Moreover, when appoaching a place like Shrewsbury, especially after 
climbing up the ascents between Crewe and Whitchurch, and again 
between Wem and Hadnall, it would be necessary for him to get his 
fire in order, fill up the boiler, and perfom other duties connected with 
finishing the run. These duties would sufficiently occupy his attention, 
and, as the signals were all on the driver's side of the line, it would 
not be necessary for Fletcher to look out for them. 

Reviewing all the circumstances of the case, the most probable 
explanation of the accident is as given above. 

In America accidents have frequently been found to be due to the 
engineman or men being asleep, but in England this has rarely, if 
ever, been recognized as the cause, or as a potential cause, of an 
accident t 

It has now to be considered whether anything can be done to avert 
such disasters in the future. There has been the usual crop of sugges- 
tions, based as a rule on imperfect knowledge, and of little or no 
practical value. The idea that all ** dangerous curves " on our rail- 
ways should and could be forthwith abolished. But this is clearly 
impossible. 

The presence of a third man on the footplate is undesirable. It 
would necessarily involve a division of responsibility, which would be 
bad for discipline, and lead to constant disputes. The extra man 
would have nothing to do and, besides being very much in the way 
of the driver and fireman, he would be disposed to enter into con- 
versation, and perhaps argument, with them. Moreover, if his hours 
were the same as those of the other men, he would be as likely to be 
overcome by sleepiness or drowsiness as they. 

The provision of speed indicators, speed recorders, or *' tell-tales," 
forms the subject of another proposal. Appliances of this nature, 
whether on the engine or fixed alongside of the railway, would be 
extremely valuable for the purpose of checking the movements of 
drivers and of ascertaining the manner in which their time was spent, 
the speed at which they had been travelling, and the extent to which 
speed regulations had been observed. The adoption of speed indicators 
has been made compulsory upon all French railways by the (Jovern- 
ment, and it would be a good thing if they were more 
generally in use in this country. But so far as the case now under 
consideration is concerned, in which the driver was asleep, any such 
apparatus would be perfectly useless for purposes of safety. Nor 
would speed boards or additional signals or lights be of any service 
under these circumstances. 

Several writers have drawn attention to the necessity for providing 
signals on the engines themselves, and these have been for some time 
attracting the close attention of the Inspecting Otficrrs of the Board 
of Trade and of Railway Companies. Such an appliance, to be of 
any service, must be absolutely reliable and should give di.stinct audibl » 
signals by whistle or bell both for ** safety " and '* danger," inside the 
cab of the engine. Such signals are usually called for short. ** cab 
signals," and more than one railway company in England is now 
experimenting with devices of this nature. They require a special 
apparatus, not only on the track but also upon ever\- engine which 
is likely to travel over the line upon which they are in use. In 
addition to these, and working either in conjunction with them or 



*He left Crewe with the 9.22 p.m. train to Manchester, and must hare booked on duty 
about one hour bef«re thin. 

•f Hitherto it baa been officially eaUed. bv Board of Trade Inapeeior», "tfrnpoiaiy 
mental aberration/' and Col. Torke Kould have aaved himself a lot of abOM if he had 
preserved the old verboae description of " dodng."— [Kv. B. K.' 



independently of them, it has been proposed to introduce " train stops,** 
whereby the brake is automatically applied should a train pass a 
" danger " sigtial. Numerou*; inventions, both electrical and mechani- 
cal, have recently been brought out for operating this " train stop," 
but, as a general rule, these have been found to be either too com- 
plicated or for other reasons totally unfit for railway purpose*?. An 
" automatic train stop " without " cab signals " is at the present 
time in use on some of the underground electric railways of London, 
and has been found to give good results ; but the conditions on these 
lines, especially as regards speed, are very different from thos*» on our 
main steam railways, and it has yet to br ascert.Wned whether suth 
an appliance is applicable to steam railways on which the conditi<ins 
as to speed, weight of trains, and gradients present so many varia- 
tions. The question of the general adoption of " cab signals " and 
*' automatic train stops " is not yet settled, and is not onlv renpjving 
consideration in his country, but is also under investigation by tbe 
Interstate Commerce Commission of America, a portion of wh* i^ 
report for IQ07 is devoted to the subject. 

In the meantime it is for consideration whether detonators might 
not be more extensively employed than at present for the purpose ^^i 
arousing the attention of a negligent engine driver, should he alK.w 
his train to overrun a " danger " signal, or approach a place where, 
owing to curves or other local conditions, danger is to be apprehended, 
at too high a speed. Many signal-boxes are at present equipped with 
an apparatus whereby a signalman can, without leaving his box, 
place a detonator on the line at or near the home signal whenever 
this is at danger. But, hitherto, these devices are only brought info 
operation during times of fog or falling snow. If they were atwavs 
in use. by day and by night, in clear weather as well as in fog, it 
would be impossible for drivers to pass a " danger " signal without 
receiving a reminder of their position. A record could be kept by the 
signalman of any train which thus exploded a detonator unnecessarily, 
by which means the driver at fault could be traced, and suitably 
dealt with. 

In connection with this suggestion the position of Crewe Bank 
signal-box calls for remark. It is only 398 yards, and its home signal 
527 yards from the Crewe Junction home signal, which dist.inces, 
hay'^ng regard to the gradient (1 in 124) and other local conditions 
appear to be insufficient, and it should be moved back at least 500 vds.,^ 
and that pending the introduction of " cab-signals " or ** train stops " 
it should be provided with an apparatus such as that already described, 
for placing a detonator on the line whenever the home signal is at 
danger. If this were done, the Crewe Bank home signal could be 
placed nearly 1,200 yards from the junction at which the derai|men! 
occurred, so that in the c\*ent of a driver running past the Crewe 
Bank home signal at danger and being reminded of the fact by the 
explosion of the detonator, he would have sufficient distance in which 
to bring his train to a stand before reaching the junction. 

When a railway accident occurs, the question usually arises as to 
whether the brakes of the train have been tested, either at the starting 
point or at any place where the engine has been changed, or where 
coaches have been attached or detached. It is, as already stated, the 
duty of the rear guards to make this test, and whenever they are 
asked whether they have done so, the answer is always in the affir- 
mative. With no wish to cast any reflection on the general trust- 
worthiness or veracity of guards, it will be admitted that an un- 
supported statement made by the person responsible for the perform- 
ance of an important duty cannot be regarded as conclusive, especially 
in cases where doubts arise whether the brake pipe was properly con- 
nected up throughout the length of the train, or where allegations are 
made that for any reason whatever the brakes were inoperative. 
Moreover, it is probable, when trains are late and guards are being 
hustled by the platform staff, that they are not given sufficient time 
for making the test. The proper testing of the brakes of a train is of 
such importance that it should be performed, or at least witnessed, by 
the station-master, or the platform inspector, who should sign a cer- 
tificate (to be retained by the guard) recording the fact that the lest 
had been made, and stating the degree of vacuum (or air pre5sure> 
indicated by the gauge in the guard's van, both before and after the- 
test, and whether the brakes showed any sign of leaking off. If some 
luch record as this were available, many of the doubts as to the 
condition of the brakes, which now arise after a railway accident, 
would be eliminated. 

The Road Book is a book in which drivers enter the sections of the 
railway with which they are acquainted as regards signals, gradients, 
stations, etc., and over which they arc competent to take a train. 
The practice on the L. and X.-W. R. is for every man to sign this 
book in April and October of each year, and drivers are held not to 
be acquainted with, and are prohibited from signing for, any section 
of the line over which they have not travelled in charge of a train during 
the preceding six months. The signatures in the book referred to 
have to be witnessed, and for this duty it appears to be the custom 
to detail a cleaner from the locomotive shed. Signatures witnessed in 
this way by an inexperienced lad are not of much value, for it must 
be remembered that he has not only to witness the signatures, but 
also to catechise the drivers as to whether they have been over the 
various sections of the road during the previous six months, Tho 
signatures should be witnessed by some responsible officer. 

The same remarks applv to the entries in the book in which drivers 
acknowledge the receipt of Rule Books, Working Time-books, and 
the Appendices to the latter, and other documents. 
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Sir Chas. B. Renshaw, Bart., deputy chairman of 
the Caledonian R., has been elected chairman in succession 
to Sir Jas. King, Bart., who has resigned, and who has 
been a member of the board for 30 years (chairman since 
1906). Mr. E. Cox, director, has been elected deputy chair- 
man. 

Mr. R. H. Selbie, secretary of the Metropolitan R., 
has been appointed general manager in succession to Mr. 
A. C. Ellis, who was solicitor to the Company from 1898 
to 1 90 1, when he was appointed general manager, and who, 
though his agreement has not expired, has retired on terms 
which are mutually satisfactory to himself and the company. 
Mr. W. H. Brown, the audit accountant, has been ap- 
pointed to succeed Mr. Selbie as secretary. 

Mr. S. H. Webber, accountant of the Midland and 
South- Western Junction R., has been appointed secretary, in 
succession to Mr. E. T. Lawrence, who has, as we have 
before stated, been appointed secretary of the Barry R. 

Mr. D. Wedderburn, deputy locomotive superinten- 
dent of the hast Indian R., is ** acting " locomotive superin- 
tendent in place of Mr. T. R. Browne, who has gone '* on 
leave ** prior to retirenicnt, and Mr. I. A. McDonnell, 
district locomotive superintendent, is ** acting '* deputy loco- 
motive superintendent. 

Mr. Russell Willmott has been appointed traffic 
manager and engineer of the East and West Junction and 
Stratford-on-Avon, Towcester and Midland Junction Rs., iii 
succession to Mr. J. F. Burke, who has resigned. 



Mr. W, Cresswell has been appointed superintendent 
of New Street Joint Station, Birmingham. 

Mr. Richard R. Baskin has been appointed audit 
accountant of the Great Northern R. of Ireland in succession 
to Mr. Wm. Sandow who has retired on superannuation. 

Mr. Dixon Boardman, son of Mr. W. H. Boardman, 
principal proprietor of the Railway Gazette, has been ap- 
pointed European representative of the Hall Signal Company 
of America, with offices at Queen Anne*s Chambers, West- 
minster. 

We regret to record the death, on the i8th ultimo, at 
Glasgow, of Mr. Robert Millar, general manager of the 
Caledonian R. He succumbed after an operation for appen- 
dicitis. He was born in Stirling in 1850, and entered the 
goods department of the Caledonian R. as a clerk in 1873. 
After experience in canvassing he was appointed the com- 
pany's representative in Ireland. After holding that post for 
10 years he returned to Glasgow to take control of the can- 
vassing branch, and conducted a special enquiry into the 
working of the mineral traffic. Early in 190 1 he was 
appointed superintendent of the Western district, and three 
weeks later (upon the sudden death of Mr. Patrick) interim 
manager, and subsequently general manager. He was very 
popular with the general staff and greatly esteemed by 
directors, officers, and all who knew him. 

We also regret to record the death of Col. Sir Nigel 
Kingscote, G.C.V.O., K.C.B., Paymaster to the King'i; 
Household, and a director of the Great Western R. He died 
on the 22nd ultimo at Worth Park, Crawley, of syncope. 
He was in his 79th year. He served in the Crimean War as 
A.D.C. to Lord Raglan. 

Notice of Removal. 

Pintsch's Patent Lighting Co., Ltd., inform us that they 

have considerably enlarged their works at Dover Wharf, 

Limehouse, E., and have removed their London offices from 

38, Leadenhall Street, to Friar*s House, New Broad Street, 

E.C. 

Automatic Couplings : Prize Competition. 
The National College of Italian Railway Engineers, in 
order to encourage the study and facilitate practical trials 
of automatic couplings, have instituted, an International 
Competition, and offer a first prize of 10,000 francs, and 
a large gold medal, presented by H.M. the King of Italy, 
and a second prize of 5,000 francs. Competitors must apply 
for admission, not later than the 31st December, to the 
Executive Commission, care of Unione Italiana delle 
Ferrovie di interessc locale e di Tramvie, via Nirone, 21, 
Milan. 

Lectures on Railway Subjects. 

At the London School of Economics, Clare Market, 
W.C., commencing on the 5th inst., a series of evening lec- 
tures on railway subjects will begin. Mr. W. Tetley 
Stephenson, B.A., late of the North Eastern R., will deliver 
20 lectures on Railway Economics — Operating; 20 upon 
Railway Economics — Commercial, and 20 upon Economics 
of Railway Construction and Locomotive Operation, Mr. 
H. W. Disney, B.A., will deliver a series of 20 lectures on 
The Law of Contract and of Carriage by Railway, 
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Pressed- Steel Rccf Bars. 

One of the most important developments m box-car design 
and construction has been the introduction of pressed steel 
car-lines on roof-bars. This type of roof-bar is made in one 
piece and can be used to replace the wofxien ones without any 
change in the construction of either the car body or the roof. 
They provide a stronger roof support with a less number, 
with less weight per car, and in most cases with greater in- 
side clearance than wooden ones do. The Cleveland Car 
Specialty Co. has designed the new pattern illustrated, 
especially adapted for the outside metal roof, and in which a 
channel section is reinforced by a U-section pressed into the 
web of the channel. The channel section, with a sin. nailir.*? 
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strip bolted to it, gives a wide support for the longitudinal 
course of boards and the additional strength due to the U- 
section makes it stronger with less weight than any possible 
combination of wood and iron, or any commercial shape that 
may be used. The importance of adding strength to freight 
cars without increasing their weight is generally recognised. 
Tests and experiments show, says The American Engineer 
and Railroad Journalj that in practically all cases a pressed 
steel shape will gi\c better results in this respect than com- 
mercial shapes, as additional strength may readily be provided 
where it is required. This is especially true of compound 
shapes, which must he built up and bolted or riveted together. 

American Through Rates. 

It is currently reported, according to The Railway and 
Engineering Review (Chicago), that, as a result of the Inter- 
state Commerce Commission requiring the publication of the 
inland proportion of foreign rates, transcontinental railroads 
have determined to practically withdraw from Asiatic busi- 
ness. This action fulfils the threat made by the railroad 
officials at hearings before the Commission that they would be 
forced to this step unless that body rescinded its order. Ac- 
cording to the preliminary announcement, the present through 
tariffs from points in this country to Asiatic ports, Australia, 
and New Zealand, by way of the Pacific Ocean, will expire 
October 31. On import traffic the present through rates will 
be continued on such articles as firecrackers, paper fans, 
matting and tea. After October 31 the only rates in effect by 
the Pacific route will be the combination of the local railroad 
rate to the coast and the local steamship rate. 

Brukner's Reinforced Concrete Sleepers. 
Owing to the increasing scarcity of hard wood suitable 
for sleepery considerable attention is being given on the 
Continent to reinforced concrete sleepers, large numbers of 
which are being laid down. 

3everal samples of one of these sleepers have iust recently 



arrived at the Hungarian Exhibition, EarPs Court, arid are 
on view in the Queen's Palace. The patentee of this sleeper 
is Mr. Maurice Brukncr, of Budapest. The salient features 
claimed for it are the mechanically accurate arrangement of 
the re-inforcing rods and wires which are placed near the 
upper and lower surfaces. Creosoted hardwood blocks, 
tapered upwards, are insetted under the rail or chair seat 
to take the fastenings, and these are supported on Jhc under- 
side in stirrups attached to the re-inforcing bars, so that it 
is claimed that spikes may be used in place of screws or 
bolts if desired. These sleepers weigh about 270 to 290 lbs., 
and will sustain a pressure of 75 to 80 tons. 

# 
Acetylene Flare Lights. 

The Wakefield Patent Acetylene Flare Lights, of which 
we published an illustrated description in our issue for last 
March, were used with great success in the recent motor 
race for the Grand Prix at Dieppe and again at the Stadium 
at the Franco-British Exhibition during the night for the 
24-hours* walking race. The light used gave a flame capable 
of adjustment of from 500 to 5,000 c.p., the light being 
pure, soft, and entirely free from smoke or smell. The 
great value of these lights lies in the fact that they arc con- 
structed to produce and effectually control acetylene gas, 
which has 15 times the illuminating power of coal gas. They 
are also quite portable and require no attention while work- 
ing, their flame reaches its full power in three minutes, is 
maintaiiKd steadily until the charge of carbide is exhausted 
and is not affected by wind or rain. By means of large 
reflectors and swivel joints the light can be focusscd in any 
direction without moving the lamp or can be spread over an 
area of 300 square yards. They are therefore especially 
suitable for lighting permanent way and bridge alterations 
or repairs, breakdowns, tunnel work, and any constructional 
work carried out at night. 

Cn the LighMng of Workshops. 

To furnish the most up-to-date machinery and tools, and pay 
the present high prices for labour, and then to handicap the 
workmen by insufficient or improperly placed lights, is a fal- 
lacy too patent to require argument; and still such cases are 
by no means uncommon. It will perhaps add to the im- 
pressiveness of this statement to make use of a few com- 
putations. Let us take as a basis the electric light, which is 
admittedly the most expensive form of artificial illumination, 
and let us say that the current is purchased at the retail price 
of JO cents (5^.) per unit (kilowatt hour). A i6-c-p lamp can 
be burned 18 hours by the use of one unit, that is, at a cost 
of 10 cents (5^.), or 55 mills ('2'/'/d.) per hour. The ordinary 
workman, receiving, say, 20 cents (lod.) per hour, would 
only have to lose a little over i^ minutes out of an hour to 
represent a loss equal to the cost of the light; while a skilled 
workman, receiving, say, 50 cents (25. id,) per hour, would 
have to lose only a little over J minute every hour to repre- 
sent a similar loss. In other words, the ordinary workman 
losing 13 minutes in a day of 8 hours, or the skilled workman 
5 minutes in the same time, would equal the cost of rrnning 
the lamp for the entire working day. But instead of elec- 
tricity costing 10 cents (5J.) per unit, it may be generated in 
large works, where power is already at hand, as well as the 
fixed charges of superintendence, etc., as low as 2 cents (id.) 
per unit, which would reduce the above figures to one-fifth; 
that is, the average workman would have to lose only about 
2^ minutes in an entire working day of 8 hours, and the 
skilled workman but a little over a minute, to represent the 
cost of the lamp for a day. But the loss in wages is not all; 
loss in time of the operative represents a loss from the non-use 
of the machine. And again, besides there being a reduction 
in the amount of product, there is often a reduction in quality 
also, which is far more serious than the reduction in quantity. 
—The Illuminating Engineer- 
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Electric Train Lighting. 

After a lengthy trial with the •* Tudor " system of electric 
train lighting the North British R. Co. has, we understand, 
given the Tudor Accumulator Co. a repeat order for the 
dynamos and other apparatus to equip ten more coaches with 
the system. 

Proposed Light Railways. 

The Board of Trade has recently confirmed an Order 
authorising the construction of a light railway from Llandilo 
to Lampeter, in Wales. Also an Order amending the 
previous Order, authorising the construction of the Central 
Essex light railway and extending the time allowed for its 
construction. Also an Order authorising the construction 
of light railways in the Urban District of Watford, and 
amending the County of Hertford Lieht Railways (No. i) 
Order, 1904. Also an Order conferring additional powers 
on the Tanat Valley Light Railway Co. 

Estimates of Coal Supply in Pennsylvania. 
The United States Geological Survey estimates, says the 
Railway and Engineering Review (Chicago), that the coal 
originally in the Pennsylvania anthracite fields aggregated 
21,000,000,000 short tons and in the bituminous fields 
112,674,000,000 short tons, leaving still in the ground 
17,000,000,000 short tons of anthracite and about 
110,000,000,000 of bituminous. It is thought that at the rate 
of production reached in 1907 the available coal supply in 
Pennsylvania should last about 490 years. 



High Speeds on the Baden State Railways. 
Ix tht^ mountainous country of South Germany high rail 
way speeds are much more difficult to obtain than on the 
level plain of North Germany, especially Prussia. And the 
number of splendidly equipped passenger trains which are 
operated every day over the main line of the Baden State 
Rs. between the commercial metropolis of South Germany, 
Mannheim, and Bdle (Switzerland), by way of Karlsruhe- 
Freiburg, is remarkable. 

On the line Karlsruhe-Offenburg (45 miles long) over 
which run the express trains of the great European trunk 
line, Paris- Vienna-Constantinople and Milan-Gothard- Berlin, 
there arc, according to the official time table, every dav 26 
up and 26 down fast trains, and 19 up and 17 down local 
trains. On the whole main line, Mannheim-Heidelberg- 
Karlsruhe-Baden Baden-BAle (about 16 miles long) there are 
12 up and 13 down fast trains and 7 up and 7 down local 
trains. During the summer season several of these trains 
are in two or more sections. 

Avp. 

lAoe, Distance Tnin Time Spn. 

m'l«s. No. min. ni.p h. 

Freiburg-Offenburg ... 399 loq d* 43 550 

,, -Oos (Baden-Baden) 644 85 d 71 t:^'/\ 

Mannheim-Karlsruhe ... 37*9 86 d 43 529 

Karlsruhe-Mannheim ... 37*9 85 d 43 52*9 

Freiburg-Offenburg ... 39*4 9 45 525 

Freiburg-Offenburg ... 394 109 d 45 52*5 

Freiburg-Lahr 280 7 32 52*5 

Karlsruhe-Freiburg ... 8V4 ^<^ d 96 52' i 

Freiburg-Lahr ... ... 28*0 77 d 33 50*9 

Freiburg-Lahr ... ... 280 21 33 50*9 

Freiburg-Lahr ... ... 280 42 33 509 

Freiburg-Offenburg ... 394 i d 47 503 

Oos (Baden Baden)-Karlsruhe 20' i 85 d 24 50*3 

* d signifies : Corridor train» 

The new Eisenhahn'BaU'Und-Betrichsordnung for the Ger- 
man railways, dated November 4, 1904, permits a speed of 
62^ miles an hour, joo Kilometer in der Stundc, which 
speeds, however, are often surpassed, particularly when the 
trains are late. Since May, 1904, when trials were made 
with a new ** Atlantic " (4-4-2) engine, that type, built in the 
locomotive works at Karlsruhe and Munich, has been used to 
haul all big Baden express trains. On the trial runs in May, 



1904, the 39*4 miles between Qffenburg and Freiburg, whi h 
has gradients of i in 171, were covered in 32 J minutes, with 
an average speed of 72 J miles (116 kilom.) and a maximum 
speed of 90 miles (144 kilom.) an hour. 

The ordinary train speeds are, of course, not so high. 
The Holland Limited makes the 394 miles between Freiburg 
and Offenburg in 43 minutes, i.e., an average speed of 1:5 
miles an hour. But on account of the difficulties at the custom 
at Bale the train is often — particularly during summer months 
— late, and then the run is made in 40 minutes, or at an aver- 
age speed of about 60 miles per hour. 

The fastest trains of the Baden State R. which run at 
more than 50 miles an hour are : — 

Especially remarkable is the run of train No. 86 d between 
Karlsruhe and Freiburg. For in the last 30 miles there is a 
total rise of about T^oft. Over these rising gradients an aver- 
age speed of 50 miles and more is impossible, as the eng^ine 
has then already run more than 100 miles (it hauls the train 
from Mannheim) ; besides which the train is a rather heavy 
one. As the rise does not begin before the second half of the 
line Karlsruhe-Freiburg, the train has to run very fast before 
this, and important stations like Appenweier (junction line for 
Strassburg) are daily passed by this train, in spite of points 
and crossings, at an average speed of about 60 miles an hour. 

Train 85 d lately made the trip Freiburg-Oos (Baden 
Baden), 644 miles long, in 65^ minutes, or an average speed 
of 59 m. an hour, and on another occasion in 64J minutes 
instead of 71, as per time table, or at a speed of 60 miles an 
hour. At times the train had more than 70 miles* speed, for 
it made the 535 miles between Friesenheim and Schutterwald 
in 4J minutes, a speed of 676 miles (10813 kiloms.). The 
two miles (nearly) between Ringsheim and Orschweier were 
made in if mins., or at an average speed of 707 miles (11304 
kilows.). Such examples could be crreatly multiplied. 

Finally the following table may show a number of remark- 
able runs which I made with trains during summer 1907. 
They were all ordinary runs, and the high speed was only 
caused by the trains being late. 

Avg. 

Line. Di-tance Train Time Sp*1. 

miles. No. min. m p.h. 

Freiburg-Oos (Baden B.) ... 64*4 85 d 64^ 599 

••• 644 85 d 65I 590 

Offenburg-Karlsruhe ... 45" i 109 d 47I 570 

Freiburg-Lahr 280 77 2gi 569 

Freiburg-Offenburg ... ... 394 id 41 ^ 568 

Freiburg-Lahr ... ... 28*0 77 30 560 

Freiburg-Oos (Baden B.) ... 644 85 d 68^ 564 

Appenweier-Oos (Baden B.) 20*1 21 21 J 560 

Offenburg-Karlsruhe ... 45' i 109 d 49 552 

Karlsruhe- Mannheim ... 37*9 85 d 42 J 53*5 

All these speeds bear evidence of the excellent rolling 
stock and permanent way, particularly the locomotives, of the 
Baden State Rs. In view of the frequency of the passenger 
and goods trains on the Baderi trunk line — Mannheim-Bale — 
these extraordinary high speeds are very remarkable, and 
they are not surpassed in Germany. 

Albert KuntzemOller, Ph.D. 

Books, Papers and Pamphlets. 

Handbook of Uaihvay Surveying. By B. Stewart. E. and F. N. Spon, 
London and New York. 

To any young railway engineer who is only just beginning 
his work in the field this book should be of much value, and 
it may be of use, also, to older engineers who are not always 
able to remember first principles and early teaching. 

The book is not of large size', but it deals in a very able 
manner with its subject. It is surprising what an amount of 
information can be given in such a small compass, but never- 
theless we have here the full practice of surveying laid down 
in such a way that given the various instruments in proper 
adjustment to beifin with, the learner can at once proceed to 
use them both to chain his survey, overcome obstacles and 
rivers, to level his ground and inaccessible heights, and more 
than this, to set out his curves, cuttings and embankments by 
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the theodolite, optical square and box sextant, the use of each 
instrument being sufficiently described. 

Of course, in actual work many difficulties arise whch 
only persona] experience and ingenuity can overcome, but 
even with the more comprehensive text-books the same thing 
will inevitably occur. 

One point in the little book deserves emphasis, that is, the 
student should always remember that field books should be 
kept in such a way that another person who has not been out 
on the survey can easily understand them and plot from them if 
necessary. This is a point not often observed by young 
engineers, and the lack of care frequently brings anxiety when 
the plotting is to be done, and trouble if the field book has to 
be referred to some length of time later. 

One statement made, that the American system of laying 
down wrought iron rails on timber and fastening them with 
spikes ** is one of the chief causes of the frightful railway 
accidents which almost daily occur there," sounds rather 
startling, and may be regarded as exaggerated writing. 

Tables for Setting Out Curves. By H. Wiluamson. E. and F, N. 

Spon, London and New York. 

This is a neat little book of pocket size, giving an ex- 
planation of, and tables for, the setting out of curves, based 
on the metrical system, and will be extremely useful to many 
young English engineers who have to set out railways in 
countries where the metric system is in vogue. 

The tables are made available for both the ** tangential 
angle " system of setting out and also for the alternative 
method, by means of ** offsets from tangent lines,** and are 
prepared for set radii varying by 50 metres for curves between 
200 to* 1,000 metres, and by 100 metres for curves of greater 
radius. 

It occurs to us that more use could have been made of the 
book if tables for intermediate curves had also been given, 
since the engineer has far more frequently to make curves 
to suit the tangents than he is able to choose arbitrarily a 
radius of round figures. 

Practical hints of value are given as regards the use of 
the theodolite, but it would not have made the book much 
larger if an explanation of the basal formula 171 8*9 -^ R had 
been offered. 

The transitional curve is not dealt with in any way, but, 
of course it would be a difficult matter to provide tables for 
such curves, although for easement they arc essential both 
for railways ^nd canals. 

It is a pity that a similar small work with tables on the 
usual English base of the 66ft. or looft. chain is not pub- 
lished. 

Economics of Railway Operation. By M. L. Bvkrs. C.E. I.cndcn : 

Archibald Constable & Co., Ltd. 

Though the Author of this great work is the chief engi- 
neer for maintenance of way of the Missouri Pacific R., 
which is 6,000 miles long, it is not mainly devoted to engi- 
neering subjects, as each department of railway **operation" 
is dealt with. 

The work is divided into seven parts, but really six of 
these ** parts ** are ** chapters,** and deal with organisation : 
employment, education and discipline of forces : accounts : 
reports : analysis of operations and control of expenses : bet- 
teiments. They occupy over 300 pages: the remaining 360 
pages of matter form part V. under the heading ** economic 
operation.** This is sub-divided into six chapters, in which 
each department — maintenance of way and structures : 
machinery : transportation : traffic — are reviewed. 

Under the subject of accounts we like the idea advanced 
b; the Author that earnings should be sub-divided beyond 
what is done in the ordinary arrangement of accounts, not 
fo'- publication but, as suggested by Mr. Byers, as a memo- 
randum. He divides these earnings into six main heads - 
the products of (i) agriculture, (2) animals, (3) manufacture, 
(4) forest, (5) mines, (6) miscellaneous — and these are sub- 
divided into a total of 59 entries. The expenditure of opera- 
tion he divides into fivg heads: — (1) Maintenance of Way 



and Structures, (2) Maintenance of Equipment, {3) Traffic, 
{\l Conducting Transportation, (5) General expenses. Here, 
again, the Author suggests ** memorandum accounts,*' He 
recommends that details should be kept of the cost of (a) 
handling rails, (h) handling ties, (c) handling ballast, (d) 
ditching, (e) other work. The motive power department 
might keep the cost of (a) supervision and inspection, to in- 
clude the pay of all foremen and inspectors, with their clerks 
and messengers, except such as are charged to ** Superin- 
tendence; (b) undistributed labour, to include pay for all 
mechanics and labourers whose time is distributed to shop 
output, such as men cmiployed in cleaning shop grounds, 
yards and tracks of scrap material ; (c) switching service ; (d) 
fuel for boilers, forges, etc. ; (e) small hand tools ; (/) sun- 
dries, such as cutting up condemned equipment, testing air- 
brakes, horses and horse-keep, royalties, patent rights, etc. 
Another memorandum ac<*ount should be for the cost of re- 
pairs through accidents to (a) locomotives, (h) passenger 
stock, (r) freight stock, (J) track. 

In the second chapter of the part dealing with economic 
operation are given details of the expenditure in the Mainten- 
ance of Way Department of a railway iti one of the Eastern 
States for the year 1904, which is worth noting. The line 
was 4,000 miles in length, and the cost of maintenance was 
$6,900,250. The details are given under 21 he^ds with 52 
sub-heads. Mr. Byers recommends that a programme should 
b drawn up in the fall of each vear of all repairs to struc- 
tures that are intended during the following year. Each 
work proposed is divided into difi^erent heads, the first four of 
which are (1) to prevent accident to person or property, (2) to 
prevent deterioration of property, (3) to increase company's 
facilities, (4) to improve appearances. This list is gone 
throug^h, an inspection is made by the Engineer of Bridges 
and Buildings, unnecessary work cut out, other schemes 
modified, and eventually a programme for each Divisional 
Engineer is sanctioned on a special form — copy of which is 
given — proportioned out for six month.s. On this is marked 
the amount authorised for each month and the total from the 
commencement of the half-year to the end of that month, and 
the engineer fills in the amounts actually expended. As the 
form is printed on transparent paper a blue-print can be made 
therefrom, and this is sent to the Chief Engineer. 

We would that Mr. Byers had given us more information 
as to other kinds of sleepers than wooden ones. He dis- 
misses steel sleeoers in eleven lines and re-inforced cx)ncrete 
in four lines. But as a rule each subj tt is well considered. 

The next chapter deals with Machinery Department Oper- 
ations. It opens wcth some debatable remarks. ** The loco- 
motives and cars must be rc^garded as Transportation units, 
rather than from the point of view of the mechanical expert. 
. . . . It may considerably increase the cost of loco- 
motive repairs per mile run if a locomotive, not in perfect 
condition, is allowed to make an additional trip before repairs 
arc made; yet the saving in the total amount of time the loco- 
motive is out of service and the consequent increase in its 
earning power may justify a considerable increase in the unit 
cost of repairs.** Further on we read ** The degree of eco- 
nomy secured in the Maintenance of K)quipment is dependent 
upon (a) accurate determination of what repairs should be 
made (b) modern shop facilities of adequate capacity, (c) shop 
economies.*' The Author divides the latter as follows: — 
(() Thorough organisation of forces, avoiding unnecessarily 
high percentage of skilled labour, (2) thorou^j^h and compe- 
tent supervision, (3) the laying out and handling of work so 
that no delays from shortage of material and no unnecessary 
moving of material shall o< cur, {4) the balancing of forces in 
different departments, (5) the use of materials graded in 
quality to exactly fit the purpose for which thev are intended, 
( ^^ the running of machine tools at economic speed, (7) scien- 
tifically conducted investigations to determine the proper re- 
lations of the fundamental dimensions of the machine, car or 
engine. He then says that beyond this the cost of the main- 
tenance of engines depends largely upon the following fifteen 
factors. We will only quote three of these : (3) Avoidance 
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of the constant revision of standards and the scrapping of 
partly-worn parts in order to introduce new and scarcely more 
efhcientiv designed parts ; (9) use of an adequate means of 
fixing responsibility for engine failures and excessive repair 
crsts among the four factors in the situation, viz. :- [a) the 
ergineman, (h) the shop making the running repairs, (c) the 
shop making the general repairs, and (d) the local conditions ; 
(10) proper records and system of analysis, so that the data 
usually obtained shall be available for the study of causes and 
effects. 

Space forbids our referring to the « onduding portions of 
the book. We can only say that whilst it is written by an 
oflicer of a big concern and deals w-th matters as they are 
regulated on large lines, yet it is a book that will amply repay 
the oflicer- engineer, motive power or transportation- -of any 
line, large or small, for perusal. 

Books Received. 

Power Railway SiiitiaUinti. Hv H. Raysak Wilson, authoi of 
** M«*chaniral Railway Sit^^nalling. " With 623 il'.ustrations. London: 
The Publi^hors of Tii'k Railway Engineer, 3, Ludfjale Circus Build- 
ings, E.(\ [342 pp.; 12 by 9!; price. 185. net.) 

Economics oj Railway Operation. By M. L. Byers, C.E. Chief En^*- 
nwr Mainlenance of Way, Missouri Pacific R. Illustrated. New 
York : ** The Engineering News '* Publishing Co. ; London : .Archi- 
bald Constable and Co., Ltd., 10, Orange Street, Leicester Square. 
W.L. ii)o8. [672 pp.; vtl by 6i ; price, 21*. net.] 

The HaiiroaJ Sijinat Dictionary : an illustrated vocabulary of terms 
which designate American railroad signals, their parls, attachments, 
and details of construction, with descriptit^n of methtds of operal on 
and some illustrations of British signals and practice. With 3,127 
illustratmns. Compiled for the Railway Signal .\.ssociation by 
Bkaman B. Adams and Rodney Hitt under the superv's.on of the 
following committee : C. C. Anthony, assistant signal engineer, 
PennMlvania RR., Azel .Ames. Junr., signal engineer, electric zone. 
New York Central and H.R.RR., and J. C. Mock, electrical engi- 
neer, Detroit River Tunnel Co. 1908. New York : ** Railway Age 
Gazette,** 83, Fulton Street; London: '* The Railway Gazette," 
(Jueen Anne's Chambers, Westminstrr, S.W. [472 pp.; it^ by 8^ ; 
price, 29*. net.] 



Kote8 on Locomotives. 

In a special article which appeared in our June issue on 
French compound tank engines we described some recent 
examples of this class of locomotive, namely, the 4-6-0, 4-8-0 
and 4-6-4 types. Since then, however, another design has 
been brought out and put in servicx' on the suburban lines of 
the Western Railway of France. 

These engines have six coupled wheels and a radial bogie 
at each end. This j-6-2 wheel arrangement is not novel on 
French lines, as the Kastern R. btiilt a series of this 
type a few years ago, but the new etigines differ not only 
in dimensions, but have four compound cylinders, whereas 
the*; predecessors have two simple cylinders. Another fea- 
ture of interest lies in the position of the cylinders, the centres 
of wh'.ch are all in the same transverse plane, and drive the 
same axle. In these points they differ from the bulk of 
P'rcnch 6-coupIed compound engines: the H.F. cylinders are 
inside, the L.P. outside the frames, all four cylinders have 
separate valves and gears, the H.P. valves are of the piston 
form, the L.P. balanced flat valves. The boiler is of the 
Belpaire type. 

The principal dimensions are : 

Cylinders h.p., i3iin. by 24in., I. p., 2iin. by 24in. ; wheels, 
coupled, 5ft. 2in. ; bogie, 3ft. 2 Jin. ; wheelbox, total, 29ft. 4in. ; 
boiler, pressure, 228lbs. 

Heating surface, tubes, 1,791 sq. ft.; firebox, 135*5 sq. ft.; 
total, 1,926*5 sq. ft. 

Grate area, 27 sq. ft.; weight full, adhesion, 50 tons; total, 
74 tons. 

Although, as mentioned in our last month's issue, the 
•* Atlantic,** or 4-4-2 type of locomotive continues to retain 
a considerable amount of favour among Continental en- 
gineers, yet there can be no doubt but that six wheels coupled 
engines are the predominating type: this is mainly the out- 
come of the very light permanent way common to the majority 
of the lines, a fact which limits the permissible axle load to 



about 17 tons, while 14 tons is even more common, hence to 
obtain the requisite adhesion weight six coupled wheels have 
to be resorted to. 

.\mon^^ the latest examples of the above-mentioned types 
are the new standard engines, ^or heavy passenger .service, 
of the Prussian State Railways ; it is perhaps hardly neces- 
sary to say that they are simple expansion engines, fitted 
with the Schmidt system of high-superheating. A somewhat 
similar design has also been adopted for the Austro-Hun- 
garian State Railways, and these engines also have super- 
heaters. Both designs embody round topped boilers, pressed 
to a working pressure of 170 lbs. ; the superheating tubes arc 
contained in three rows of fire tubes. The cylinders in both 
classes are outsde the frames and drive the middle coupled 
axle. The valve motions are of the VValschaerts tvpt, 
actuating piston valves. A comparison of these engines is 
j.ivcn in the annexed table of dimensions : 

Vtu> i«n. Austr ••Hungarian. 

Cylinders 23*2in. x 24-8in. 2i*65in. x 25*59in. 

Wheels, coupled ... ... 5ft. 8*9in. 5ft. ii*6in. 

Wheels, bogie 3ft. 3'3in. 3ft. 4*3in. 

W'heelbase, rigid 15ft. o*3in. 13ft. 9'3in, 

W'heelbase, total 27ft. 4*7in. 27ft. 2'7in. 

Boiler, barrel max. diani., outs. 5ft. 4*2in. 5ft. lin. 

Bokr, barrel length 15ft. 5in. 14ft. ii* 17111. 

Boiler, firebox length outs. ... 9ft, 2*2in. loft. i*4in. 

Pressure i7olbs, i7olbs. 

Heating surface, tubes ... 1,463 s j, ft. 1,073 sq.ft. 

Heating surface, superheater tubes 531 s |. ft. 465 sq.ft. 

Heating surface, firebox ... i-S s ;. ft 150 sq.ft. 

Heating surface, total ... 2,152 sq. It. 1,688 sq.ft. 

Grate area 28 sq. ft. 33*3 sq.ft. 

Weight full, total 68*9 tons 59-5 tons 

Weight full, adhesion ... 46*9 tons 39*4 tons 

The system of superheating the steam continues to extend, 
not only in Germany, but in other countries ; for instance, 
besides the tank engines on the Brighton R., there are several 
6-coupled goods engines so fitted at work on the Lancashire 
and Yorkshire R., also the (ireat Central and (ireat Northern 
Companies are about to experiment with the Schmidt super- 
heater. All these engines have simple expansion cylinders, 
but in several countries compound engines are equipped, the 
latest example being a new series of 4-cylinder 6-coupled 
engines on the Eastern R. of France, these being the first 
high-superheated engines in that country. 

An Interesting experiment is also being made on the same 
railway with a system of low superheat or steam dryer on 
some 4-cylinder compounds ; the dryer, which consists of a 
series of large tubes ;n the smoke-box, forms the receiver 
between the H.P. and L.P. cylinders. Of course, but a few 
degree.s of superheat will be obtained from this apparatus, 
but the results should prove instructive. A somewhat similar 
(but not so elaborate) arrangement is fitted to the ** Pacific," 
or 4-6-2 engines of the Western R. of France. The Northern 
R. of France, during the last two or three years, has not 
Introduced any new design, but has continued to build the 
excellent series designed by M. du Bousquet for the various 
classes of traffic. Recently, however, a new class of mixed 
trafl^c engine has been brought out, the cHief point of which 
is the greatly increased boiler power. The engines embody 
the usual features of the de Glehn-du Bousquet compounds, 
having two outside H.P. cylinders driving the middle coupled 
axle, and two L.P. connected to the crank axle of the leading 
wheels. Four sets of VValschaerts gear actuate the valves, 
all of which are balanced slides. The H.P. cylinders are 
14 in. d*.am., and the L.P. 22 in. diam, with a stroke of 
255 in. The coupled wheels are 5 ft. 87 in. diam. The 
boiler is of the Belpaire type, carrying a pressure of 227 lbs., 
the heating surface is of tubes 2,298 sq. ft., fire-box, 169*5 
sq. ft., total, 2,4675 sq. ft. ; the erate area is 30 sq. ft. In 
working order the total weight is 67*5 tons, the adhesion 
weight being 48 tons. 

The (ireat Northern R. of Ireland is putting into service 
a new type of tank engine, having six coupled wheels and a 
trailing bogle. We hope to deal more fully with tl.cst 
engines in a future issue. 
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Train Dispatching by Telephone. 

So many disastrous coirsions have arisen in America 
from train-orders being misread or forgotten or getting m's- 
laid, incorrectly sent or received that prejudice not only 
prevails, but the system of Train Dispatching is regarded J<s 
unsafe. 

It is not our intention to suggest that the Train Dis- 
patcher should be introduced into this country for control- 
ling the movements on single lines, but for assisting in the 
running of trains on double lines. 

The American system provides a dispatcher for a dir.trict 
who is in telegraphic communication with every point -n 
his district on a wire reserved entirely for train dispatchiner 
purposes. He is advised of every train that enters on to 
the running lines in his district. He is made acquainted 
with the locomotive number, the driver and conductor. He 
knows how many cars there are on the train and the loading 
and what stops have to be made and what traffic is to be 
dropped and the prevailing state of the weather. Every 
regular train runs to its schedule, but if this has to be 
altered ** train-orders '* are sent by the dispatcher, which 
ordets are worked to unless or until modified. Each spec ial 
train works to orders. The departure of each train is sig- 
nalled by the operator to the train-dispatcher and before 
a train arrives at a station the dispatcher sends word whether 
he has any orders for the train. 

It is the practice in this country for a signalman to act 
on his own initiative as to whether or not he shall shunt a 
train for a faster one to pass, and often, if not generally, the 
train is shunted earlier than needs be, causing it to be longer 
on the road. The employment of the Train Dispatcher would 
change all this. He would be acquainted with the abilities 
of each engine and its driver, and, knowing the running, the 
load, the gradient and the weather, would be able to jud^c 
when the slower train should shunt for the faster. His 
services would be of great benefit at junction stations in 
advising the station authorities as to the probable time at 
which trains that were late would arrive and he would know 
what extra coaches were on the train. Further, he would 
not only be the nerves, but the master mind of the district. 
Knowing all the conditions he can anticipate and foresee 
the sequel of any movement. 

During the spring and summer of 1907 all the mineral 
carrying lines were blocked with traffic. One of the worst 
sufferers was the Midland, but we are satisfied that had a 
train-dispatcher been stationed at, say, Cudworth and in 
telephonic communication with every signal box between 
Masborough and Leeds he would have got the traffic over the 
line. He would have known where every train was and how 
loaded, with its engine capacity and driver. He would 
know the available accommodation at every station and sid- 
ing, what traffic there was in those stations r«nd what Was 
waiting there for dispatch. He would, too, be most useful 
in arranging the relief for enginemen and guards and making 
the most of the men available. Without doubt, many of thj 
blocks of traffic that occur from time to time on British 
railways would not occur were the train movements controlled 
by a train dispatcher, provided always the man had absolute 
control. 

This leads up to the observations that a change is being 
made in America in the method of communication between 



operators and the train dispatcher. All orders to operators 
and acknowledgments have been made over the exclusive 
telegraph wire already referred to, but this is now being re- 
placed by the telephone. The first company to do this was 
the New \'ork Central RR., who, in October, J907, replaced 
dispatching by telegraph by dispatching by telephone on the 
40 miles between Albany and Fonda. The Chicago, Bur- 
lington and Qu'ncy began in December last on a portion of 
their main line 46 miles long with 11 offices in the circuit. 
This was so successful th.it in January another length, of 
125 miles and ih offices, was opened, and in March another, 
of 28 miles and 15 offi(cs. These were all on double lines, 
but a fortnight or so later a circuit, 106 miles in length and 
with 23 offices was opened on a single line. 

With a view to having the installation as perfect as 
possible two 210 pound copper wires have been run at a cost 
of, approximately, $100 per mile and the equipment is about 
$50 per station. It is found that operators respond more 
quickly than with the telegraph, and as they are called up by 
a loud sounding four inch bvll .hey w H often report trains 
before the dispatcher's call is rtceixed in order to save the 
annoyance. The telephone is more flexible than the tele- 
graph, and the dispatcher can, if necessary, speak to the 
trainmen personally. One reason for the substitution was the 
diflficulty in getting telegraphists and another was the Federal 
law limiting their hours of duty to nine per day. But a 
telephone operator is soon found and further it finds work for 
servants who have been injured. 

The nuisance and delays that arrive from all the bells on 
a circuit ringing together when a call is made is avoided by 
the use of a ** selective '* system. The train dispatcher can 
ring up any office or, in case of a general call, can ring up all 
together. One such system is the Morse Code Signal Co., 
of Milwaukee, who, by the dots and dashes of the Morse code, 
selects the desired office by the withdrawal of wards similar 
to those in a Yale lock. Eich of these ** locks '* is cut dif- 
ferently to correspond with a code of dots and dashes, Le,, 
short and long impulses. The desired office is reached, as its 
lock is withdrawn by the short and long beats releasing a 
lever and so opening a whistle or bell. 

Another system is the Blake Signal of Boston, Mass. 
In thirl there are pendulums, the stroke of which vary 
at each office and in the train dispatcher's room is a number 
of pendulums to correspond. These also vary in length 
accordingly. When he wishes to get an office he inserts a 
plug in the hole that applies to the desired office. This sets 
up a current that causes that particular pendulum in his office 
to pulsate, also every one at the outside offices. The pulsa- 
tions of these differ according to the length of the pendulum, 
but one amongst them has the came stroke as that swinging 
in the dispatcher's office, and in less than a minute these 
synchronise in their stroke and immediately complete a circuit 
that calls the operator.* 

Yet another system is the Stromberg-Carlson, which by 
the train dispatcher placing a plug in one of several holes in 
a controlling device and switching on a battery, joins up the 
desired office. When the operator answers the call, this 
is recorded on a tape. 



* These two systems are more fully desctibcd in ** Power Railway 
Signalling." by H.Raynar Wilson.— (Ed. /Lfi.) 
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Roofs — X.» 

Compression Members — (continued), 
Rankine introduced an important modification 



the 



column formula in that the proportion .> instead of^, or in 

other words, the square of the radius of gyration instead of 
the square of the least diameter of the column is used in the 
formula. The Rankine modification of the Ciordon formula 
was for the purpose of doinj^ away with the double calcula- 
tion — first of the long, then the modification for the short 
column — in fact, for the convenience of having one formula 
for all lengths. There is also the important modification that 
it is not necessary to distinguish between the different forms 
of cross section, whether rectangular, angle, tee, or cruci- 
form. 

The formula now becomes — 



P-f^{*^c'~) 



•^ 3»200 
-r 3,600 
-r 2,000 



for all forms of cross section except hollow round, in which 
case d is used instead of r. 

When p = ultimate stress per square inch, 
I = length of the column, 

r = least radius of gyration of the cross section, 
/ and c = co-eflficients whose values depend upon the 
nature of the material and the condition of the 
fixing of the ends of the column. 
The value of the end condition of the column is c for ends 
fixed, 4 -f c for both ends rounded or pointed, and 16 -^ 9c 
for columns with one end fixed and one end jointed. 
The values of the other constants are 

/ 

For cast iron, 80,000 lbs. per sq. in. i 

For wrought iron, 36,000 lbs. per sq. in. i 
For dry timber 7,200 lbs. per sq. in. i 

and as below for all ratios of P -^ 1^ greater than 20 and less 
than 200. 

For mild steel, 48,000 lbs. per sq. in. i ^ 30,000 
For hard steel, 70,090 lbs. per sq. in. i -^ 20,000 
Merriman gives the following for timber — 
c = I -r 3,000 both ends fixed, 
c = 1*78 -r- 3,000 fixed and round, 
c = 4 ^ 3,000 both ends round 
and / = 8,000 
and suggests that struts in roof trusses should be considered 
as intermediate in condition between flat and round ends, so 
that the friction i-r30oo used in Rankine *s formula for the 
allowable unit stress for flat ends, 

1,100 -f I + -, 

' 3,000 I- 

should be replaced by 178 -r 3,000. 

The Cambria Steel Co. and the Carnegie Steel Co. give 

the following for mild steel — 

/ c 

Square bearings 50,000 i -r 36,000 

Pin and square bearing ,, i -r 24,000 

Pin bearings ,, i -f 18,000 

The Glengarnock Steel and Iron Co. suggest the following 

for material at 24 tons crushing strength — 

/ = 24 tons (53»7^ lbs.) 

*The previous articlr» of this serifs appeared in ihc Haihcay En^rtur as 

follows:-!., May. 1907; II., Ja1y» 1907: III., September, 1907; IV., 

October, 1907 : V., December, 1907 ; VI.. February, 1908 : VII., 

April, 1908 ; VIII., June, 1908 : IX.', September, 1908. 



c = I -f 10,000 for free ends. 
I -f 20,000 for fixed ends, 
and if a varying factor of safety is required, the following 
formula — 

Factor of safety = 4 + (05 I -f d) 
When / = length in inches, 

d = least diameter in inches 
Merriman and Jacoby give the following for use in the 
Rankine-Gordon formula — 

/ = for main lines, 7,500 if iron, 9,000 if steel lateral 
struts, 10,000 in iron, 
and for c = i -r 40,000 for members with two fixed ends, 
I -r 30,000 for members with one fixed, one pin 

end. 
I -f 20,000 for members with two pin ends, 
and suggest that for flanges of beams the formula should be 
used with 

/ = length of flange in inches between the supports, 

r = width of flange in inches, 

c = I -f 5,000 

/ = for rolled beams used as stringers, 7,500 

,, floor beams and riveted stringers over 20 ft. long, 

,, riveted stringers under 20 ft. long, 7,000 
Du Bois suggests the following for rectangular struts of 
wood, using d = least diameter instead of r = radius of 
gyration. 

/ = 5,600 

c — I -r 550 for flat ends 

I ~ 275 both ends pinned 
I -h- 750 one end flat and one end pinned. 
The factor of safety to be 6+ o\d for intermittent loading 

6 for quiescent loading 

Johnson's straight line formula (1886) is — 
P , ( _ 2 \/_/_ l_ 
3 // V i~E r 



-A=f 



|(Fidler) which holds good for any value of — so long as 



4<"y 



r 

f 



but beyond this limit the formula of Euler is to be used. 



p ^ P ^ 

Where//) = P -f 



A = 



-r /2 



A = crippling unit stress 
P = crippling load 
A = area of cross section 
/ — elastic limit unit stress 
E = coefficient of elasticity 
L = length 

r = least radius of gyration 
n is a coefiicient depending upon the con- 
dition of the fixing of the ends, and is 
V for round ends 
^ \/ (5 ^ 3) " hinged „ 
5 ^ -r 2 ^ 3 „ one pin one flat 

^ V (5 -^ *) »» flat ^^^^ 
but this formula may be replaced for convenience by the 
simplified form, 

p = P-¥A=f — (kl-¥r) 
where fe is a constant whose value is 

where m is i : 2J : or 4 depending on the condition of the 
ends. 
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mild 


cast 




steel 


iron 


oak 


179 


438 


28 


220 


537 




284 


^3 





The straight line formula is not a rational formula by any 
means, but is assumed merely as a good representation of the 
results of a series of experiments, the value of k in the preced- 
ing equation being deduced by making the straight line tan- 
gential to the curve which represents Euler's formula. The 
straight line formula is founded solely on the reason that a 
straight line can be drawn to practically coincide with the 
results of experiments for ratios of / to r between 90 and 150, 
and as it gives less values than experiments warrant above 
this point, the error is on the side of safety. 

For the values of /, k, and — we have 

For / = wrought iron, 42,000 lbs. per sq. in. 

mild steel, 52,500 lbs. per sq. in. 

cast iron, 80,000 lbs. per sq. in. 

oak, 5,400 lbs. per sq. in. 
For k 

wrgt. 

iron 

Flat ends 128 

Hinged ends 157 

Round ends 203 

and the limit — beyond which Euler's formula is to be used is 

Flat ends 218 195 122 128 

Hinged ends 178 159 99 

Round ends 138 123 77 

It will be noted that the values of / as given above are 

less than the average values, which may be taken as 

Uliimaie 
streiteth. 
lbs. 
Wrought iron 55,000 

Mild steel 150,000 

Cast iron 90,000 

Timber 8,000 

and the convenience of the above form of this formula for 
rapid calculation will be seen, say for instance, with wrought 
iron, where E = 27,000,000 and / = 42,000 lbs. 

i -r r < 218, 7^ -f .4 = 42,000 — 128 l—r 
I -. r> 218, P -^ A = 666,090,000 r^ ^ P 
I -i- r <i78, P -i- A = 42,000 — 157 I ^ r 
Z-^r>l78, P^i4= 444,150,000 r^ ^ P 
I ^ r ^ 138, P ^ A = 42,000 — 203 I -^ r 
/ -r r > 138, P ^ A = 266,490,000 r^ -r P 
Theodore Cooper adopted the straight line formula in his 
specifications, but the constants he used are somewhat 
different from the above, and the condition is laid down that 
the length of any compression member is not to exceed 45 
times the least width. 

The following gives the allowable compression per square 
inch on wrought iron of the section within this limit : 

I 8,000 — 30 — for live load stresses 



E'asiic 

timii. 

lbs. 

25,000 


Mixluius 

of efasticiiy. 

lbs. 

27,000,000 


50,000 


27,000,000 


20,000 


16,000,000 


3,000 


12,000,000 



Flat ends 
Hinged ends 
Round ends 



For chords 



For all posts 



For lateral struts 



16,000 



for live load stresses 



60 — - for dead load stresses 

r 

I 
7,000 — 40 ^ 

14,000 — 80 — for dead load stresses 

10,500 — 60 — for wind stresses 

/ 
9,000 — 50 



for assumed initial stress 



The " Parabola " formula is 



where 



(■- 



/ 



4 " 



_^1 



f) 



beyond which Euler's formula is to be used. This may also 

be written in the form : 

P ^ A = f ^ k P ^ r^ 
Where/ = wrought iron 34,000 
mild steel 42,000 
cast iron 60,000 
white pine 2,500 
short leaf yellow pine 3,300 
long leaf yellow pine 4,000 
white oak 3,500 

and k = 









short 


long 


wrought 


mild 


ca>t white 


leaf 


leal white 


iron 


kttel 


iron pine 


yellow 
pine 


yellow oak 
pme 


Pin ends 0*67 


0'97 


25 






Flat ends 043 


0*62 


J 06 


07 


o*8 o*8 


limit of Z ^ r = 












wrought 


mild 


cast 


all 




iion 


sietl 


iion 


limbers 


Pin ends 


i7o 


150 


70 




Flat ends 


210 


190 


120 


60 



but for timber P ^ (P is used after k, instead of P -J-r^. 
Merriman's formula is 

P~^=/-f(i+(/P-rn2£:r3) 
with the following values 

/ = as before in the ** Parabola *' formula. 

fi' £ 

Wrought iron 
Mild steel 



Cast iron 
VV^hite pine 



\ pin ends 
I flat ends 
J pin ends 
{ flat ends 
I round ends 
I flat ends 
flat ends 



Short leaf yellow pine flat ends = 
Long leaf yelow pine flat ends = 
White oak flat ends = 



12,700 
20,000 
10,825 
17,000 
2,400 
6,666 
1,000 
1,180 
1,200 
1,090 



in timber a^ain the P -r (P is used instead of P -^ r^, and 
this is practically the same thing as Ritter*s Rational Formula 

P - ^ = /j - (1 -h /P ^m^r E r») 
When / = greatest compressive unit stress on the concave 
side 
/ = unit stress at the elastic limit 
m = 4 for both ends fixed 

2^ one end round, other fixed 
I both ends round 
■^ one end fixed, other pin 
The formula proposed by Moncrieff (Am.Soc.C.E., June» 
1901) is for free ended columns. 



J^=aJ 



48 E 



5^c+/Xy-5 ) 






for failure by excessive intensity of fibre stress, or in other 
words, for failure by compression, and 

for failure by instability, or in other words by failure by 
tension. If for fixed ended columns the figure 2 is placed 
before the radical sign, but the author says in actual prac- 
tice a true fixed ended column rarely, if ever, exists. 
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R = I -- r 

E = modulus of elasticity 
r = radius of gyration in the direction in which 

the column bends 
c = distance of extreme fibre from neutral 

axis of section 
f = M ^ I 
fj - averao^e streis or direct load per square 

inch. 
e = eccentricity of the load, distance from the 

axis of the column at the ends. 
F = maximum (compressive) fibre stress 
F = minimum (tension) fibre stress 
For Cast Iron, E = 14,000,000 lbs. 

F^ = ultimate crushing strength = 115,000 
lbs. per sq. in. 

allowable, 12,000 lbs. per sq. in. 
F = ultimate tensile strength = 15,000 lbs. 

per sq. in. 
value of c e rri^ = o'6 corrcsj>onding to eccen- 
tricity of loading of 0*3 times the radius 
of gyration in solid cylindrical column. 
For Wrought Iron, E -r 28,000,000 lbs. 

F -^ ultimate 48,000 lbs. (dq,ooo to 
50,000) per sq. in., allowable 18,000 
c e -^ r^ = o*6 for lower limit, 0*15 for 
upper limit. 
For Mild Steel, E = 30,000,000 lbs. 

F = 64,000 lbs. (60,000 to 70,000), 24,000 

allowable 
c e -^ r^ = 06 lor lower limit, o'i5 for higher 
limit. 
For Hard Steel, E = 30,000,000 lbs. 

F = 100,000 lbs., allowable 36,000 
c e -f r' = 06 and 01 5. 
For Yellow Pine and Pitch Pine, 

E = 2,200,000 lbs. 

F = 6,000 lbs., allowable 2,000 

c e -T- r^ — 0*075 ^^^ o*^5 ^^r upper limit 

curve 
c e -r r* = 06 for lower limit curve 
For White Pine, E = 1,400,000 lbs. 

F = 4,000 lbs. ultimate, allowable 1,300 
c e -r r^ = 0*075 and 0*15 upper limit 
= 0*6 lower limit. 
For French or Dantsic Oak, 

E = 1,200,000 

F = 6,000 ultimate, 2,000 allowable 
c e -^ r^ = 0075 and 015 upper limit 
= o*6 lower limit. 
Mr. Mayer, in the correspondence following Mr. Mon- 
crieflf's paper, stated that for dead loads it is desirable that 
the stress shall not exceed one-half the elastic limit. For short 
steel or wrought iron columns the elastic limit is about o*6 the 
ultimate strength, and therefore the dead load stress should 
be about 0*3 of the ultimate strength, which is about equal for 
tension and compression. A curve therefore which starts at 
03 for short columns and approaches one-half the ultimate 
strength for long columns would be desirable, but the straight 
line equation 

u - a b I ^ r 



where a = 0*3 ultimate strength, h — .^, will give the proper 

250 

unit stress u for columns of less than 150 radii of gyration. 

The formulas suggested are 

for iron 14,000 — 56 / - r 

for medium steel 18,000 — yi I -i- r 

The formula suggested by Mr. J. R. Worcester (Am.Soc. 

C.E., January, 1908) gives a circular or elliptical curve and is 

A = B V! I- (p^iCfy)} 

where A = allowable stress 

r = least radius of gyration 

B — maximum stress at / -^ r = o 

C — maximum value of / -7- r allowed 
and the formula appears for safe loads (,*^ ultimate) 

= 12,000 ji I — (/2 4- (120 r)2) I 

As regards the strength of timber Stoney gives the fol- 
lowing as the crushing strength of dry timber : — Red Deal 
6,58(5 lbs. per sq. in.. White 7,293, Spruce Fir 6,819, Maho- 
gany 8,198, Quebec Oak 5,982, English Oak 10,058, Pitch 
Pine 6,790, Yellow Pine 5,445, Red Pine 7,518, U^illow 6,218; 
but the figures were obtained from tests of small specimens 
of a length not more than twice the least diameter and in 
which there is certainly more homogeniety than in the larger 
scantlings used in buildings and bridges, where knots and 
other defects are found which are absent in the smaller tests. 
Perhaps 50 per cent, of the above figures would be about cor- 
rct't for actual use in works for the ultimate strength, and of 
course a smaller fraction again of these for actual or working 
loads. 

As regards actual cases we may mention the Landore Via- 
duct, constructed by Brunei of creosoted American pine, where 
a stress of 373 lbs. was allowed in compression, although some 
parts were stressed to 560 lbs. f>er sq. in. 

At the Innoshannon lattice timber bridge on the Cork and 
Brandon R. 484 lbs. was allowed in compression. 

Haupt considered 800 lbs. as a safe stress per sq. in. for 
permanent loads, and Mosse stated that 900 lbs. per sq. in. 
for pine is used in American timber framing. 

Navier and Morin, the French authorities, state that the 
working stress on timber posts should not be greater than ^^ 
the breaking stress if the timber is exposed to weather, or to 
J if covered over, such as in buildings, etc. For merely tem- 
porary purposes, and where there are no shocks to be pro- 
vided against, probably i the ultimate stress would be safe to 
put upon the timber. 

Deans on ** Erection ** in Du Bois' large work says trat 
yellow pine compression members may be stressed as high as 
ii,ooo lbs. when the proportion of length to least side is not 
more than 40, and that for struts over this proportion of length 
the unit stress should be reduced by an amount which gives 
the stress in white pine as about J that allowable in yellow 
pine. 

u = 1,500 — 18 / -r d for yellow pine 
= 1,000 — iS I -r d (or white pine, where 
u = unit stress, / = length in inches, d = least side in inches. 
This is for quiescent loads, and where moving loads are 
carried the stress should be reduced by 20 % of the above. In 
no case should the length be greater than 50 times the least 
side. 

Schneider in the Builder's Journal gives the following as 
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the unit stress in lbs. per sq. in. in columns under 12 x" 
diameters in length : — 

c = White oak = 1,000 

Long leaf pine = i ,000 

White pine and spruce = 700 

Hemlock = 650 
and says that wooden struts, the length of which exceeds 
times the least diameter, should be calculated by the follow 
formula : — 

/> = ^ -V- |i + (/* -^ (ioco^«))| 

where / = length of column in inches 

d = least side of column in inches. 
The fojlowing rough approximation may be of use in c 
mating the strength of timber struts, taking the strength ( 
cube of any wood as unity, the strength of columns wit 
greater proportion of length becomes 

length 12 times least thickness, 
24 »» »♦ «» 

3^ M I, »» 

4° ♦» »» ♦» ' 

00 ,, ,, ,, 

the following being the ultimate crushing strength of vari 

English timbers : — 

Oak 3 J tons (7,840 lbs.) 

Fir 2j ,, (s,6oo 

Pitch pine 3 ,, (6,720 

Yellow pine 2 ,, (4,480 
The experiments of Christie give the following as the 
approximate strength of mild steel L T struts with ends flat : 



•833 

•50 

'33 

•166 

•083 



Ralio 


Breakinc^ weight, 


Ratio 


Breaking weight, 


/ -^ r 


lbs. 


per 5q. in. 


I -^ r 


Us. per sq. in. 


20 




72,000 


180 


I9kSOO 


40 




46,000 


200 


16,500 


60 




41,000 


220 


14,000 


80 




38,00c 


240 


12,000 


100 




35»ooo 


260 


10,300 


120 




3I1500 


280 


9.000 


140 




27,000 


300 


7.900 


160 




23,000 
{To he CO 


ntinued,) 





\, 30. ~ Driving Axle-box ; 
ndon and South- Western 
Railway. 



Locomotive Journals and Bearings.— VII.* 

London and South Western Railway, 
The services between Waterloo, Exeter and Plymouth on 
the L. and South Western R. are in direct competition with 
those on the Gt. Western R., but the non-stop runs are not so 
long because the line is not equipped with water troughs. 
Fast express services are also maintained between Waterloo, 
Bournemouth, Southampton and Weymouth. Below Exeter 
the gradients are steep. 

The latest express engines designed for these services 
by Mr. D. Drummond, M.Inst.C.E., chief mechanical en- 
gineer of the L. and South Western R., are of the six-coupled 
^4-6-0) type with 4 simple cylinders using steam at 175 lbs. 
working pressure. The cylinders are isin. diam. by 26in. 
stroke, and the coupled wheels 6ft. in diam., the maximum 
weight on a driving axle is 16 tons 6 cwts. 

Driving Axle-box^ fig. .30. This box is made of wrought- 
iron with deep top flanges which enclose the top of the 
horn-block. It is i3in. between the horn faces and lofin. 
from the centre to the top of the crown and I3|in. to the 
top of the flanges. It carries a brass step 3in. thick at 
the crown and fitted with three large white metal insets, the 

•previous articUs in February, March, May, Junr-, July and August, 1908. 



--X y 



Fig. 3l.^Hom Block ; London and South- Western Railway. 
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largest of which, it will be noticed, is on the crown, the oil 
ways being on either side as shown. In this point Mr. 
Drummond's practice agrees with that of Mr. Churchward 



above mentioned. It is carried on a spring-hanger pin 
I J diam. and to which it is fixed by a fin. steel screw. 

The Horn-Block^ fig. 31, carries four lubricators on the 



Fig. 32,— Connecting Rod ; London and Sooth- Western Railway. 



(G.VV.R.). The step extends below the centre line and is 
fitted into the cast-iron keep as shown. It is prevented 
from moving sideways by a projection 4lrj. liam. by -Jin. 
high which enters a recess iSr*"- ^^^P '" the top of the box. 



inside; the two inner and larger ones supply the main bear- 
ing and the two outer and smaller ones the horn-block 
surfaces. The oil feeds through | holes and drips into 
cones on the top of the axle-box and thence to the oil 
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Fig. 32a. — Connecting Rod ; London and South- Western Railway. 



The corners arc taken oflP clear of the fillets in the box and 
the bearing surface of the step in the box is further reduced 
as shown. 

The Bearing is Sin. diam. by 7gin. long. It is lubricated 
from the top and the keep is fitted with pads. 

The Keep is of cast iron and fits close up to the step as 



channels I by J along the bearing as shown. For the horn 
block surfaces the liners (s^in. wide), which arc of wrought- 
iron case-hardened, the oil drips into tapered wells 2in. wide. 
Connecting-Rod ^ fig. 32. This is an outside rod for a 
four-coupled outside cylinder engine and is 6ft. Sin. between 
the centres. The Big-End is forked to receive the brasses 
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which are sJin. by 6f in. The jaws of the fork are 2-]f\jin. by 
I Jin. smallest section. The bearing* is made of gfunmetal 
4Jin. diam. by 4ilin. long. It is lined as shown, nearly all 
round, and for its full length in four places, with white- 
metal Jin. thick. The bearing is retained in position by a 



Fig. 33. — Gudgeon Pic and Lubricator ; London and South- Western R. 

steel keep through which passes the retaining bolt 2in. diam, 
secured by double nuts aYid a safety split cotter. The bearing 
is adjusted by a steel cotter (2 Jin, by ifn. middle section) 
tapered at i in 16, and which is secured in the usual way by 
two f steel set screws and a split cotter. The adjusting^ cotter 
bears on a steel wedge piece which fits into the bearing 
top and bottom, it is retained in its place 
by the flanges of the brasses. 

The Lubricator is 3in, diam. bored out of 
the solid, closed with a brass cover, screwed 
in, the filling hole being screwed for a cane 
plug. The feed hole is |in. diam. and leads 
to a groove along the top of bearing 

The Rod is of steel, rectangular in section, 
with the corners rounded off to a Jin. radius. 
The depth tapers from sin. to 4in., the width 
2in. being uniform. 

The Small-End is of the solid eye type 
and contains an adjustable gun-metal bearing 
3jin. diam. by 2'^h in., the gudgeon pin being 
3in. long. The adjusting wedges are tapered 
I in 8 and the screw has 1 1 threads to the 
inch. The locking washer instead of bearing 
against a projection fits over the rod on both 
sides and permits of one twelfth of a revolu- 
tion of the screw. 

The Small-End is lubricated from the in- 
side of the journal as shown by the drawing 
of the:— 

Gudgeon-Pin and Luhricaior, f\g, 33. The 
lubricator is of steel 2^'m. sq. outside cut out 
of the solid. The lower part is bored 
to fit over the end of the Gudgeon Pin by 
which it is bolted up to outside cheek of the Cross-Head. 
It is prevented from turning by a Jin. dowel pin. The oil 
feeds down a Jin. hole into a nrin. hole drilled up the Gud- 
geon-Pin and from which two radial holes Jin. diam. lead to 
oil grooves along the journal as shown. The hole along the 
Gudgeon-Pin is plugged by a f countersunk screw. 

Connecting Rod^ fig. 32A. This rod is of the marine type 
which has atways been favoured by Mr. Drummond though 
other locomotive engineers have adopted it. The rod illus- 
trated belongs to the 4-cylinder 6-coupled express engines 



above mentioned. It is 6ft. long between the centres. Its 
Small-End bearing is 3in. diam. by 3in. bare and is similar 
to the rod described. The solid eye is 7iin. diam. by 2|in. 
wide and carries a gun-metal ring bush 4jin. diam. The 
rod is of steel, rectangular in section, with the corners rounded 
off to a radius of Jin. It tapers from 3^ by if to 4J by if. 
The Big-End bearing is 4J diam, by 4j|in. The braSvSes 
are of gun-metal provided with two groups of 7 circiJar 
insets of white metal arranged as shown. The bolts (8f 
between centres) are 2in. diam. with a fin, hole drilled up 
them as far as the thread (7 to inch) and the nuts are 
secured by split cotters | by ij. The brasses are retained 
by a steel Keep 3in. thick by 4in. on the centre line, the 
ends being returned over the jaws of the rod as shown. The 
oil cup is bored out of the solid and from it two Jin. feed 
holes lead, clear of the top bolt, to a groove along the top of 
the bearing tV*"- ^^P ^^ shown. 

Crosshead and Gudgeon Pin^ fig. 33A, illustrates the 
cast-steel Crosshead of the 6-coupled express engines. The 
lubricator and gudgeon pin are quite similar in arrangement 
to that above described. 

The Crosshead is I4in. between the guide bar faces, and 
is provided with cast-iron slipper blocks which have 10 circu- 
lar white metal insets as shown. The guide faces are isin. bv 
4in. The slippers have side flanges for the bars and are 



Fig- 33a—' 



Cntsshead and Gudgeon Pin ; London and South-Western Railway. 

attached to the cross head by projections 3iin. diam. and J 
deep, fitting into central holes in the top and bottom of the 
crosshead, and also by end flanges turned from the same 
centre. The piston rod is 2|in. diam., tapers in its socket 
in the crosshead to 2 Jin. diam., and is secured by a tapered 
key ^in. thick, and which is fastened by a split cotter. The 
connection for the Walschaerts' valve gear is also shown. 

Coupling Rod, fig. 34, is for a four coupled inside cylinder 
engine. The most noticeable feature of this rod is its 
great length viz. : loft. between the centres. The eyes of 
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the charge for the last two years, subject 
to the proviso that the redemption of the 
loan shall form a first charge against any 
future surplus, it has been eliminated from 
the accounts for 1907, and also for the com- 
parative figures for 1906 and partially from 
those of 1905 and 1904, during which year 
only ;£'i49,3o8 was surrendered to the 
Treasury. 

The following figures show the results of 
working for 1907, as compared with 






-T^T-^r^ 



-^i^ajf^ 



— too Cf*i^*vs — -H 

Fig. 34. — CoQpling Rod ; London and South-Western Railway. 

the rod ar^ 8 J diam. by 4in. wide 
fitted with brass bushes Jin. thick 
having having bearings 4iin. 
diam. by 4A (pins 4^) in. long. 
The bushes are prevented from 
turning bv tapered steel pins held 
in position by '{ steel set screws. 
The lubricators are solid, fitted 
with brass covers having the feed 
holes tapped | for cane plugs. 
The free end of the rod is retained 
by a washer secured by a taper 
pin split at the small end as 
shown. 

The Rods are made of forged 
steel having an ultimate tensile 
strength of 1^2 tons per sq. inch. 
The section is rectangular, taper- 
ing from 4 Jin. by ijin. at the r 

ends, to s^in. by ijin. at the 
middle. The corners arc carefully 
taken off to a radius of Ain. 

P»&- 34A illustrates the Coupling Rod for the 4-cylinder 
6-coupled express engine. It consists of two lengths of 6ft. 
Sin. The driving bearing is 6jn. diam. by 4{^in. and the end 
bearings 4 Jin. by 2|fn., all three have ring brass bushes. 
The knuckle joint is jin. diam by 2in. All the details are 
quite similar to those of the 4-couplcd rod above described, 
but the varying dimensions are given on the drawing. The 
rod is rectangular in section with corners taken off and is 
parallel 4 Jin. by ijin. 

(To be continued.) 
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Fig. 34a. — Coupling Rod ; Ix>ndon and South-Western Railway. 

Telegraphs and Miscellaneous ... 13.606 13.692 

Rents 56,902 55.607 

Loss on Working Guaranteed Lines 11,690 7.685 



(Decrease 8.03 per cent.) 



;t3,469,705 ^'3.772.770 



Cape Government Railways, 1907. 

Mr. T. S. McEwen. general manager of the Cape Government 
Railways, in his annual report, states that the capital entitled to a 
full years mterest amounted to £ix.s^2.stx for 1907, as against 
^.30.642,453 for 1906. The average number of miles open to 
tratnc was 3,218, *^ 

Since 1903, it has been the practice to charge working expen- 
diture each year with an amount of ^'252,500 for redentption in 
connection with additional rolling stock, locomotive workshops, 
steamsheds, etc.. authorised under Act 42 of 1902. As how- 
ever, owing to the continued depression, Parliament has remitted 



Total Earnings ^'3.469.705 ^'3.772.77o 

Total Expenditure (—5.7 per cent.) 2,572,634* 2,728,849* 
Balance (— ;£, 146,619) ... 897,302+ 1,043,921 

Deduct Interest payable to Treasury 1,114,656 1.087,313 
Loss, allowing for interest ... 217,354 43.392 

Net Earnings per cent, on Capital JQ2 16 11 £^ 8 2 
Or a decreased percentage of ... jQo 113 — 

The number of train miles run, 8,347.000, shows a reduction 
o( 9.35 per cent. 

The earnings per train mile were 8s. 3'8d., an increase of ij 
per cent., and the expenditure per train mile 6s. 2*od., an increase 
in expenditure of 4* 1 per cent. 

The figures indicate that the revenue still continues to 
decrease, and, as the railway earnings may be assumed to reflect 
fairly accurately the trade of the Colom',' it is evident that the 
change for the better has not yet commenced, and this is con- 
firmed by the falling off in the receipts for the opening months of 

*Thefte amounts do not include the annual instalments «f i^252,5oo for 
redempiion of rolling stock, &c , authoiised under Ac 42 of 1932. 
tlncludes ;£23i net earnings of Mottd Bay- George Line. 
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the current year. Under these circumstances it is proposed to 
reduce train service where in excess of requirements, to increase 
the rates on certain commodities which arc at present carried at 
exceptionally low rates, such as livestock, meat, fencing, fer- 
tilisers, fruit, v^etables, South African wheat, meal and flour, 
imported produce, wool, skins, hides, together with an increased 
rate somewhere in proportion to the value on ostrich feathers, 
also on such other goods as may be considered able to bear a 
higher rate, and to withdraw certain passenger concessions 
such as Parliamentary passes. 

The total as compared with 1906 shows a decrease of 8.03 per 
cent., the falling off between 1906 and 1905 being 678 per cent. 
This, however, has been in a measure counteracted by the reduc- 
tion of expenditure by 5.7 per cent. A reduction of expenditure 
to the extent of nearly ;£^^2 ,000,000 has had a mos^t serious re- 
actionary effect upon the general trade of the Colony. 

The purely South African traffic having drop|>ed from 825,806 
tons in 1906 to 770,408 tons in 1907, and Uic imported traffic from 
890,876 tons to 768,855 tons. 

The number of passengers, 18,067,524, carried shows a 
decrease of 12.68 per cent. 

The following statement gives the details of the expenditure : — 

Amount. Per Train 
Mile. 
£ s. d. 

Maintenance of Way, Works and Stations... 409,525 n ir8 

New Works (Betterment) ... ,, 10,416 o 0*3 

Relaying, Regrading, and Strengthening of 

Bridges (Betterment) 441689 o 1*3 

Locomotive Charges 862,103 2 08 

Carriages and Wagons (Repairs and Renewals) 270,693 o 78 
Additional Rolling Stock, W^orkshops, Steam 

Sheds, etc. — — 

Traffic Expenses 628,380 i 61 

Compensation I3»403 o o*4 

Cartige 78,782 o 2*2 

Harbour Board Tonnage Allowance 3.^1407 o 10 

General Charges ... 76,946 o 22 

Telegraphs, Maintenance of 14,818 o 04 

Railway Schools ... 51829 o 02 

Sick Fund 32,481 o 0*9 

Forest Plantations (Betterment) 6,031 o 02 

Transmission of Telegrams 46,698 o 1*3 

Postage 4»590 o o' 

Pensions 27,810 o 0*8 

Loss on working Refreshment Department for 

year 1906, but charged to Maintenance and 

Working in 1907 4.906 o 02 

Miscellaneous i»»27 o 00 

Decrease 5*72 per cent j6 2. 572, 634 6 20 

In accordance with the policy which has obtained for the last 
three years the coal contracts, with the excq)tion of a very small 
percentage, have been confined to South African coal. Contracts 
were entered into for 129,520 tons, of which 112,120 tons have 
been consumed at an estimated extra cost of about jQiJ^ooo over 
the amount which would have had to be paid for other South 
African coal. This is one of the cases where the Department 
should be reimbursed the amount in question from the general 
revenue of the Colony for supporting this industry. 

It is strongly recommended that the work of regrading should 
be steadily continued on all the main lines with a view to reducing 
the cost of haulage. The heavy passenger traffic from Cape Town 
is specially handicapped by the gradients Ix^tween Touws River 
and Dwyka, and, even with the present reduced traffic over this 
section, by an expenditure of ;£j276,ooo, a saving of ;^'8,7oo per 
annum could be effected after payment of interest on tl\e cost of 
the work. By regrading a portion of this section from Dwyka to 
Grootfontein at a cost of ^{^54,000 there would be a saving of 
;^2,9oo per annum, after payment of interest. Should the traffic 
increase, the saving effected will be greater in proportion, and 
should work have to be found for relief purposes or for convicts, 
this should be taken in hand in preference to the construction of 
new lines, which are not likely to pay even working expenses for 
many years. In one case there is a sound financial proposition in 
which a return at once accrues on the completion of the section, 
a<; against a certain loss for many years to come, which the 
reduced earnings on the main lines are, during depressed times, 
unable to counterbalance. 

The total area of railway sleeper plantations on the 31st 
December, 1907, was 11,670 morgen, as compared with 10,637 
morgen in 1906, a further area of 1,031 morgen of grass lands, 
situated at Upper Kabttsie, in the Division of Stutterheim, 
having been set aside for sleeper plantation Duroose.*; during the 
year. Planting in the several areas is being steadily proceeded 



with and satisfactory progress is reported, notwithstanding that 
the expenditure has been reduced to ^£,'6,031, or a reduction on the 
previous year's expenditure of jQs^^7^* 

It is pleasant to observe from the statement of accounts that a 
sum has been placed to the credit of revenue of ;6423 14s. 7d. on 
account of the better prices obtained for the lease of everlasting 
flower areas, and the increased sale of transplants from Elgin. 

The following tables afford a comparison of the unit and ton 
mileage statistics for the years 1904 — 1907: — 

Passengers. 
Expenditure Avetage 

per Unit Mile Number 

excluding Average ofPasseoger 

Extraordinary Distance Uoiu 

Receipts Expendituie Travelled carried 

per Unit and by each by each 

V'car. Mile. Interest. Net. Paskcoger. Train* 

d. d. d. 

1904 894 81 1 -083 IS 85 

1905 •8c)5 '704 Mqi 16 84 

1906 8ob 751 '115 17 %l 

1907 '857 790 -067 18 77 

Goods. 
ic)04 1619 1126 -493 183 75 

1905 1565 927 -638 186 79 

1906 1699 956 743 163 73 

1907 168 J 935 747 163 8 1 

In regard to the passenger traffic it will be observed that the 
receipts per pasNcnger unit have fallen from ■866d. in 1906 to 
•857d. in 1907. 'I'his is accounted for by the largest percentage 
decrease in numbers being in first-class, together with the falling 
off of ordinary fare paying passengers in comparison with those 
taking advantage of excursion facilities at the recognised holiday 
times, and the many agricultural shows held all over the Colony. 

The slight increase of •o9d. in the expenditure per passenger 
unit mile is due to the heavy decrease of six in the number of 
units per train as compared with the previous year, and shows 
that the train service is now, unfortunately, in excess of the 
traffic requirements. 

In regard to the goods traffic the receipts per ton mile show 
a very slight decrease of •oi7d. on that of the previous year, but 
against this the expenditure per ton mile has decreased by *o2id., 
thus more than making up for the drop in receipts. The average 
distance each ton of goods was carried remains the same as for 
1906, viz., 163 miles, and the average number of tons carried per 
train has increased from 73 in 1906 to 81 in 1907, this indicating 
that the constant attention which has been paid to loading trucks 
has resulted in a satisfactory increase in the tonnage carried, 
Si>ecial attention has also been given to the tranship traffic and 
a great improvement in the truck load has been made in con- 
nection with fruit. 

Special attention is drawn to Ox-Wagon Competition, which 
is still very strongly in evidence on the Midland and Eastern 
Systems, particularly the latter. The country has saddled itself 
with a heavy debt in order to open up the back districts of the 
Colony and bring them into touch with markets for their produce, 
and the Government is fairly entitled to exi)ect that such districts 
should make use of the railways for the conveyance of their 
goods. Before the construction of these branches all classes 
promise support, but, as soon as the railway is an accomplished 
fact, in many cases the very people who agitated so strongly for 
this means of communication still continue, to make use of road 
transport, utilising the railway for high-rated goods which may 
hv required in a hurrv, for produce and other low-rated traffic, 
and for passengers. Yhis competition shows no sign of abate- 
ment in the Native Territories where the road transport is princi- 
pally in the hands of natives, who are able, owing to their limited 
warits, to quote rates with which the railway is quit^ unable to 
compete except at a great loss, and it is again strongly recom- 
mended that legislation be introduced inflicting a heav>', if not 
prohibitive tax on waybills, where the wagons compete in dis- 
tricts served by railways. This is seemingly the best means of 
reaching the people who support and encourage this competition. 

The wagon should be used in its legitimate way as a feeder 
to the railway instead of a competitor ; it is reported that traders 
and others are unable to procure transport for short distances at 
reasonable rates for their produce. The railways are able to com- 
pete by reducing rates with a view to sweeping the wagon off 
the road, and thus forcing the owners to take to the land or 
other avocations, but this method of dealing with the question will 
adversely affect the revenue to a large extent. As the object to be 
secured is the elimination of ox-wagon competition, this should 
be attained by carrying it out so as to increase the revenue and 
not make it necessary to alter the railway rates, because, as sooa 
as the rates are reduced in bne district the ox-wagon will re. 
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appear elsewhere, when further reductions will have to be made 
to deal with it at the new competitive points. 

As an instance of what is done the followinjif paragraph from 
the report of the Traffic Manager of the Midland System is 
quoted : — 

*• An instance has been brought to my knowledge in which 
it is said thai a party conveying his own wool and mohair to 
Port Elizabeth purchased wire and other fencing material for 
his farm, but. instead of carrying his own purchases on the return 
journey, booked them by rail at a fraction less than 6d. per 
100 lbs., and utilised his wagons in opposition to the railway, 
thereby earning is. 3d. to is. 6d. per 100 lbs. The question arises 
whether, under the circumstances, we nre justified in continuing 
to convey agricultural requisites at the present exceedingly low 
rales." 



Single Phase Electric Traction on Railways.— II.* 

In the Railway Enf^ineer for .Augus. last appeared a descrip- 
tion of the works in connection with the electrification of a 
section of th2 Erie RR., and another single phase traction 



pany's trains into and out of New York have had to be 
equipped for both systems. Another feature is that there 
arc four tracks throughout, over which not only is there a 
big suburban and local service but an important high speed 
express service as well as goods tralTic. 

This work has been carried out under the supervision of 
Mr. E. H. McHenry, one of the vice-presidents of the com- 
pany, to whom we are indebted for the accompanying photo- 
graphs and the information contained herein. 

The electrified portion consists of the four lines of way 
between Woodlawn and Stamford, a distance of 21 miles. 
The power-house, of which \ievvs are given in figs. 8 and q, 
is situate at Cos Cob, 18 miles from Woodlawn, and on an 
arm of Lond Island Sound. Coal can therefore be delivered 
by water or rail, and there is an unlimited supply of water 
for condensing purposes. The equipment consists of three 
multiple-expansion parallel-flow Parsons steam turbines 
direct-connected to single-phase Westinghouse generators 



Fig. 8. 



service by overhead transmission of 11,000 volts is the New 
York, New Haven and Hartford R.R. 

There are many features of interest herein. One is that 
at Woodlawn the New Haven line joins the New York 
Central, whose lines, outside New York, have been electri- 
fied by the third-rail system so that the New Haven com- 
*No. I appeared in .he August, 1908, issue. 



and provision has been made for a fourth unit. The tur- 
bines are rated at 4,500 brake horse power each, and the 
generators at 3,000 K.W. each. These are seen in fig. 10. 

Twelve 525 h.p. Babcock and Wilcox water tube boilers 
have been installed. These are provided with Roney 
mechanical stokers, as seen in fig. 11, also Babcock and 
Wilcox superheaters, and deliver steam at 200 lbs. gauge 



Fig 9. 
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Fig. 10. 



Fiij. II. 




-"%f^: 




Fig. 12. 
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pressure and 125 degrees superheat. Three of Green's 
cconomisers are also used. 

The main cables from each generator are run in the air 



Fig. 14. 

chamber under the turbine-room floor, up to the switch board 
gallery, seen on the left of fig. 10, and thence through selector 
cil-circuit breakers down to the high tension bus-b'irs under 
the switchboard gallery. 



The overhead construction is of the catenary type, of 
which a view is given in fig. 12. Two steel cables of special 
high strength, supported by steel bridge structures across the 
lines and about 300ft. apart, carry the copper conductor 
by triangular hangers of varying length about loft. apart. 
Massive porcelain insulators are provided on these bridges 
and at intervals there are anchor bridges. The third bridge 
in fig. 12 is an anchor bridge, and fig. 13 is a nearer view, 
and fig, 14 is a side view of the top of an anchor bridge. The 
latter have A shape posts and are heavier than the inter- 
mediate bridges. On the anchor bridges, as seen; are car- 
ried automatic circuit breakers for isolating a section, light- 
ning arresters, shunt transformers for operating the circuit- 
breakers, lighting circuits and wire and conduit for the 
auxiliary control circuits. On each right-hand post are two 
auxiliary feeder wires. On one side of each anchor bridge 
is a ladder from the ground. 

VVhen the writer went over this work last summer he 
was agreeably surprised to find that the catenary suspensions 
did not obstruct the driver's view as much as was antici- 
pated. In order, however, to remove all objections the New 
Haven company have re-designed their signal connections, 
and by Mr. McHenry's further courtesy we are enabled to 
publish details of the same herewith. 

I^'ig. 15 is an elevation and plan of one of the intermediate 
bridges which, it will be seen, spans four lines of way. The 
two lines on the left are for trains that may be considered as 
coming towards the reader and those on the right are for 
the opposite direction. The signals are carried on posts 



Fig. 15. 
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L t^mf on M*om chorc^ o-T Bridge Trvnz 
to ke spr^att fbf opening 



the base and 22ft. wide at the top. It is 
2ft. deep and co\ers the sleepers. 

Fig. 1 1 illustrates the F'ormation on 
the Great Southern and Western of Ire- 
land R., which has a gauge of 5ft. 310. 
The ballast is 24ft. 2jin. wide at the 
bottom and is loin. deep; it projects to 
HTBnii;;^ 6in. beyond the end of the sleepers and is 
broken to pasa through a ring 2in. 
diameter. 

The different treatment of roadbeds, 
according to the ballast that is available, is 
well demonstrated by the practice of the 
Missouri, Kansi.s and Texas RR., and 
which is shown in {{^, 12. It will be 
noticed that where earth ballast is em- 
ployed it is sloped from the centre line of 
the ** four-foot,*' the ridge of the slopes 
being 3in. above the top of the sleepers, 
and that the ends of the sleepers are left 
tare. All fine and non-permeable ballast 



Ratlwf^ Cnptnecr 



Fig. 16. 



suspended from the bridge and on that side nearer an 
approaching train. The posts are of iron and hollow to 
hold the operating rods. Above the bottom truss of the 
bridge is situate the motor for actuating the signals. The 
arm is 4ft. Sin. long, is centrally balanced, and the spectacle 
forms part of the arm bearing casting and is on top of the 
arm — seen clearer in ?[^, 17. The lamp is fixed to the left 
of the post, as is usual in America, but alx)ve the level of 
the arm. The arm when either " on '' or '* off '* completely 
clears the structure gauge. A landing runs right across the 
bridge, half being on one side and half on the other. From 
the far side of the bridge, behind each post, there is a 
perpendicular ladder suspended, which is curved at the 
lx)ttom and the sides widened out and into which are let 
twelve staves, so forming a platform for the lampman and 
signal maintainer. This is seen clearer in fig. 16. It may 
here be added before leaving this subject that on certain 
parts of the New Haven system there are electrically-worked 
trains on the overhead trolley system. In such cases the 
poles, signal posts and signal arms are as shown in fig. 17. 
ITo be continued.) 




Fig. 10 
Fastern R. 



Permanent Way.— III.* 

shows the standard Formation of the Great 
It is 30ft. wide. The ballast is 25ft. wide at 



*No I. appeared in August issue and No. II. in September. 



Fig. 17. 
should be so treated, so that water may readily drain away. 

The Chicago, Burlington and Quincy RR. has a Forma- 
tion 30ft. wide on embankments and 29ft. in cuttings. The 
top of the Formation is level, and on this is laid the bottom 
ballast, which is 6in. deep at the centre-line and sloped to- 
wards the sides, being 4in. deep under the centre-lines of the 
*• four-foots. " The top ballast is i2in. deep at the centre- 
line and Sin. under the sleepers. In the *' six-foot ** the 
ballast is level with the top of the sleepers and is ramped to 
a point 4ft. Sin. from the outer rail. 

The New York Central RR. has a Formation of 30ft., 
which is 4in. higher along the middle than at the sides. The 
top ballast extends to 4ft. beyond the outer rail and at the 
outer ends of the sleepers it is iSin. deep and comes to within 
lin. of the top of the sleepers. In the ** six-foot *' the top 
ballast has a dip of 3in. along the middle, being from lin. 
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Fig. la 

below the top of the sleeper at the end of the sleepers to 4in. 
below the top of the sleepers at the centre-line of the ** six- 
foot.*' 

In Byers* Economics of Railway Operation, reviewed 
elsewhere in this issue, we read that broken stone 
ballast is practically the only ballast that is fit for 
suburban and important passenger line service, but it is 
expensive in first cost, causes Increased expenditure in tie 
renewals, and requires a considerable force for surfacing pur- 
poses. Such weeds as do grow in it must be removed bv 
hand. The heavier the traffic the more 
economical stone? ballast becomes, but Mr. 
Byers considers !t uneconomical for light 
traffic. He then gives the followipg 
figures : — 

Labour required in Stone, Slag and 
Gravel Ballasting. 



To ballast one mile track (dressing 

included) 
To ballast and respace one mile 

of track 
To renew one mile of ties (2,81b 

ties) 
To surface one mile of ties ^-,816 

ties) ... 

To surface one mile of ties with 

end tamper 



Stne. 


Slg. 


Grvl. 


100 


30 


.*j 


100 


III 


49 


94 


100 


148 


33 


33 


39 



First cost of Vallast... 
Application and tie 

renewals 
Surfacing 
Cleaning ballast 



Total ... $^27 $274 $256 

On the East Indian R., where timber sleepers are laid, 
stone of about ifin. cube size is used. 

The New South Wales Government R. double-line For- 
mation falls from the centre-line and at lines 15ft. on either 
side is 6in. lower. The ballast is 2ft. deep along the centre- 
line and 9in. below the bottom of the sleepers. It extends 
to i2in. from the outer end of the sleeper and is ramped to 
a batter of i in i. The bottom ballast is Qin. deep and is of 
stone about 4in. cube. 1 he top ballast is i2in. deep and is 
of hard stone 2 Jin. gauge. It is laid 2Ain. above the top of 
the sleepers. 




Stone, 
hours. 


Slag 
hours 


Gravel, 
hours. 


3,200 


3»500 


1,060 


4,200 


4,5<» 


1,760 


3»5^o 


4»020 


2,010 


450 


670 


170 


— 


— 


70 




SAItTM SaUAST 




Burnt Clay Ballast 

! *^'^ 



CffAYCL Ballast 




H— 6L'<?-— -H*- '^'f^- 

Rock Ballast 



Fig. 12. 
On the basis of a 10 year life for rail and ties, the work 

required per mile per year in different kinds of ballast, to 

renew ballast and ties and respace lies, is about as follows : 

In stone ballast 77^ hours' labour 

In slag ballast 852 hours' labour 

In gravel ballast 377 hours' labour 

The time required for cleaning ^ a.9o 

ballast is about 300 hours for gravel 

and 250 hours for stone. 

The cost ..f ballast delivered, per 

mile, is about as follows : — Stone, 

$t,ooo; slag, $300; gravel, $200. 

This is on the basis of the slag being 

furnished free on board cars. 

Mr. Byers summarises the cost per 

mile per annum. 



The South Australian Rs. have a Formation of 14ft. wide 
for single lines. The ballast is loft. 6in. wide at the top, 
i6iin. deep (gin. under the sleepers and 2 Jin. above). 
Broken limestone or quarried stone is generally employed, 
but occasionally river gravel, which has to pass through a 
ring 2iin. diam. is used. 

As to the Continent, Hcrr Schubert, Ruling Councillor of 
the Bavarian State Rs., has laid down a rule that the thick- 
ness of the ballast should be equal to the clear space between 
two adjoining sleepers plus 20 centi- 
metres (7*8in.). As some sleepers are 
80 centimetres (3r5in.) apart, centre to 
centre, and they are about 25 centi- 
metres wide, this means a depth of 55 
centimetres + 20 = 75 centimetres 
(29"5in.). Some think that this is too 
much and that a thickness equal to half 
the clear space between two adjoining 
ftmih^y eif^meer sleepers plus 10 centimetres will nearly 
always suffice. Mons. Ast. Civil Engineer Kaiser 
Ferdinands-Nordbahn says it is advisable to use a thick- 
ness of ballast not less than 30 centimetres (ir8in.) 
under the lower surface of the sleepers. Of this at least 15 
centimetres (s'gin.) should be of material capable of being 
well packed. The thickness ought to be increased when the 
P'ormation is soft and if the sleepers be more than 80 centi- 
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Fig. 14. 
metres (2ft. 7*5in.) apart. 

The general size of the stone used on Continental 
railways is such as will pass through a ring of 5 or 6 
centimetres (2in. or 2*3in.). Some engineers prefer a 
ring of 4 centimetres (I'sin.). 

On some railways the ballast is washed before it is 
spread in order to remove the earthy matter, but as 
this also eliminates the sand some engineers do not 
consider this is desirable, as sand makes the ballast 
more stable, and that it is better to adjust the screen 
so that only the finer sand is removed. 

The Cheniin de fer de Ceinture de Paris has a bal- 
last washing plant consisting of four washers parallel 
with each other, carried on piles at right angles to the 
line. There is a revolving shaft 6'2^m, (20ft. 6in.) 
long, of which 5m. is armed with bearers, the steel 
blades of which are secured by bolts so as to be readily 
removed when worn. The inclination of the shafts is 
varied as desired, and they revolve in barrels pierced 
with holes from 10 to 15 mm. ( J:j to ^'!j in.) diam. 
passing muddy water and small debris into the troughs 
below. The ends of the blade rotate concentrically at 
a distance of ^omm. (2in.) from the cylindrical bottom. 
The violent rotation of the apparatus forces the 
material upwards and the stones are stirred and shaken 



Fig. 15. 



against each other. This breaks it up 
and washes the stones completely, so 
that when they reach the upper end 
the>' are perfectly clean. They fall 
thence on to an inclined plane and into 
the ballast wagons. The water in the 
troughs, with its mixture of fine quartz, 
sand and dirt, runs into a settling tank 
having a superfu lal area of 40,000 
metres (47,84 1 sq. yds.). Here the 
sand, being heavier, settles first, and on 
this the clay. The water, with a little 
clayey matter in suspension, flows from 
the first tank into a second, where it is 
further purified, and then into a third, 
which completes the settling, and it 
flows thence into the river. 



Fig. 16. 

It may here be remarked that ** washed ** gravel is 
used to a small extent in America, but it is not re- 
garded as a success. Some trials on the Grand Trunk 
RR. are reported to have been very disappointing. 

Fig. 13 shows the Formation of the Chemin de fer 
du Nord, France. The lower illustration is known as 
the English section. There the ballast is level with the 
tops of the sleepers and the latter are not covered. 
W'here the French section, as shown in the upper illus- 
tration, is employed the sleepers are covered in the 
middle and well covered at the ends sloping i in 20 
from the rail, and the outer ends are ramped 2 in 3 
from a point im. from the outer edge of the head of 
the rail. The ballast, which may be of washed flints, 
furnace slag i to 10 cm. in size, or broken stone 2 to 
7 cm, in size, is 50 cm, (iQ*7in.) in depth from the head 
of the rail, and 45 cm. deep in the centre of the ** ^ix- 
foot." 
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Hard broken stone, which is not affected by frost, broken blast-furnace 

f, and sharp, angular gravel are the best ballasts for main lines. 

>n well laid-out secondary lines, on the other hand, finer materials 

preferable, as they are more easy to use. Clinkers also make an 
['ilent ballast. Coal cinders are (o be reserved as much as possible 

station and yard tracks and for private sidings. Gravel from pits 
'ivers, either wet or dry, is to be used, either as it is, or after being 
lially or wholly screened according to circumstances. 

At the Washington meeting in 1905, on the question of 

preservation of sleepers, the following^ remarks appear 

the conclusions on that subject : — 

" It is of importance to combine rigid inspection in accepting sleepers 
h great care in the selection of ballast ; the latter must be permeable, 
'it be capable of being well packed and the packing well maintained, 
give good adhesion between the sleeper and its seat. As far as this 
•oncorned, the measures which are best for the preservation of the 
)d are also best for the stiffness of the track. In order to prevent 
^rioration of th^ ballast, and at the same time to help preserve the 
pers, the careful drainage of the road-bed cannot be too carefully 
sled upon in order to ensure that water may flow off properly.** 

Ballast Crushers. 

In The Railway Engineer for July last, page 215, there 

s a description of a large stone-crushing plant supplied 

by Hadfields Steel Foundry Co. to a foreign railway, and 

capable of delivering 4,500 tons of ballast per day. In 

a future issue we shall publish a description of a fK)rtable 

stone-crushing plant made by Goodwin, Barsby and Co., 

of Leicester, for the Highland R. 

Figs. 15 and 16 illustrate Marsden's (Leeds) new 

patent portable elevating screening and loading machine. 
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It has a frictionlcss icvcr for the stone-breaker. The bearings 
are of gun-metal, turned and bored to gauge. The connecting 
rod, lever and toggle cushions are all of cast-steel. The 
cubing jaws are in four sections, and bed against the planed 
surfaces of the moveable jaw and end of the frame, and they 
are reversible and interchangeable. The broken stone from 
the stone-breaker passes down the shoot into the lower 
revolving drum, which has small holes through which the 
gravel and dust fall i. This lower, and the upper drum, are 
provided in their circumference with openings somewhat 
smaller than the mouths of the buckets. These openings 
are of equal pitch with the buckets, and the mouths of the 
latter completely cover the openings. The broken stone 
passes out of the lower drum into the buckets and conveyed 
thence into the upper drum and thence through the screen 
into the bins seen in fig. 16. At the other end of the screen 
is a shute to return to the stone breaker any stones that are 
too large. The breaker, conveyer and screen are all worked 
from off the same fly-wheel. 

Fig. 17 is another view of Marsden's stone-crusher, 
eight of which have been supplied to the Beunos .\yres Great 
Southern R., and two to the Imperial Railways of Japan. 

Fig. 18 shows the Knapping-motion stone breaker of 
W. H. Baxter, Ltd., of Leeds, in its fixed form. This has 
a compound toggle motion for which it is claimed that the 
support is increased with reduced power and for the 
Knaponised jaw and the other castings it is claimed that 
they are superior to those of manganese or other steel less 
costly. The elevator is jointless and unstretchable so that 
raising and lowering of the screens to tighten the elevator 
is not necessary. The stone passes out of the crusher 
through shute 2 into the lower drum 3 where the sand is 
sifted out on the right and the gravel on the left. The 
larger stones are delivered on to the belt of the conveyor 4 
and falls into the buckets. They are thereby elevated and 
put into the upper drum 5 and screened into two sizes and 
delivered through the shutes 6. What are too large are 
rejected through 7 and sent biack into the stone-breaker. 

Fig. 19 is practically the same machine, but portable. 
Baxter's machines are in use on several British and South 
American railways. 

(To be continued.) 



Capstan Lathes in 1908. 

In the following article we include, under the name of 
Capstan Lathes, all lathes having a rotating tool-holder, 
These may briefly be divided into two classes : the semi-auto- 
matic, each of which is attended to by an operator, and the 
full-automatic, of which one attendant can look after from 
four to ten machines. 

The semi-automatic lathes are of more general interest 
to the engineering trade, as their application is so very much 
greater, and they are now found in practically every engineer- 
ing works of any size. 

The full-automatic machines are confined to shops in 
which a considerable amount of repetition work is done, such 
as establishments devoted to the manufacture of bicycles, 
isewing machines, textile machinery, locomotives and 
ordnance. 

The firm of Messrs. Alfred Herbert, Ltd., of Coventry, 
England, have devoted almost their entire attention to the 



development of the Capstan Lathe in both its automatic and 
semi-automatic form, for the last fifteen years, and they 
now build a very complete line, which it is our purpose to 
briefly describe. 

The firm has two works at Coventry, the head works 
employing 1,000 men occupied entirely with the production 
of Capstan Lathes, and the branch works employing 500 
men, the latter being devoted exclusively to the manufacture 
of horizontal and vertical milling machines. 

Ki^^ure i shows the erecting bay, devoted to full-auto- 
matic capstan lathes, from which it will l:e noticed that the 
machines are built in large numbers at a time 

The standard type of full-automatic machine is shown 
by figure 2, the design being compact and of great rigidity, 
with large bearing surfaces and ample power to take full 
advantage of high-speed cutting tools. 



Fir. I. 

The operations of advancing, withdrawing and rotatin^^ 
the turret, moving the cross-slide in and out, opening and 
closing the chuck, and advancing the bar arc all performed 
automatically by cams carried on drums mounted on the 
lower shaft. 

For general work a standard set of cams is supplied, 
which, without any alteration, enables any article within the 
capacity of the machine to be produced; this renders the 
automatic machine suitable for work which docs not occur in 
very large quantities, as the machine is quickly changed over 
from one piece to another. Where a machine can be kept set 
up on the same article for very long periods, special cams arc 
fitted to the cam drums, so that the work may be done in the 
shortest possible time. 

As one operator can attend from four to ten automatic 
machines, the number depending upon the quantities in which 
the work can be put in hand, the labour cost of the work is 
naturally exceedingly low. 

Turning to the semi-automatic capstan lathes, the most 
generally useful machine is shown by fig. 3. 

This machine is spc-cially designed for making direct from 
the bar all kinds of bolts, studs, screws, pins, shafts, collars, 
and lock-nuts, and is offered in two sizes, admitting bars 
up to 2{-in. and 3i-in. diameter respectively. A special 
feature of this lathe is the fact that it is suitable for either 
long or short work. It is supplied complete with an outfit 
of tools and accessories that will handle any job within its 



Digitized by 



Google 



October, iqo8. 



The Railway Engineei . 



333 



Fig. 2. 

capacity, and it is so easy to adjust the tools that it pays 
to make either one or two articles or a large quantity at 
each setting". 

The work for which this machine is specially designed 
is that which occurs most generally in all engineering estab- 
lishments, and there are very few shops where this machine 
cannot be profitably employed. 

The leading feature of the lathe consists in the fact 
that all reductions in diameter are made at one cut, leaving 
a true, smooth and parallel job; no finishing cuts are ever 
taken. 



Fig. 4. 

The cutter, which is of simple form, is mounted in a steel 
slide, which can be moved in and out by means of the knurled 
wheel shown. A very sensitive stop arrangement enables 
the cutter to be withdrawn from the work and returned any 
number of times with a certainty of producing exactly the 
same diameter. 

The hard tool steel rollers forming the steadies are sup- 
ported centrally on their slides so that no amount of pressure 
can cause them to spring, but only serves to preserve their 
correct contact with the work. 

^'*&' 5 shows an actual photograph of a reduction in 



f >g- 3- 

The patent roller steady turning tool, by which the 
heaviest reductions in diameter can be made at a high 
periphery speed with a coarse feed is shown by fig. 4. 

This tool is of quite recent introduction, and is the result 
of several years' careful experiment, and has effected a most 
astonishing increase in the production which may be obtained 
from the lathe. 

Before its advent the steadies employed were of the flat 
or friction type, but it was found that when high speed cut- 
ting tools were used the high surface speed of the work, 
combined with the pressure at the point of contact with the 
steady, rapidly destroyed the face of the latter, causing bad 
finish to the work. The limit of production was therefore 
the speed at which the steady would stand. The roller 
.steady tool, however, entirely removes any friction at the 
ppint of contact with the work and places the limit of output 
with the cutting tool, and will remove metal four times as 
fast as the flat steady tool. 



Fig- 5- 

diameter made by this tool, the finish produced by one cut 
being all that could be desired. 

Screwing is performed by means of a self-opening die- 
head, shown in f\g. 6. 

The dies are produced by milling, and not by master taps. 
This method of production offers several advantages. It 
eliminates two sources of error found in dies cut with master 
taps, namely, the error due to inaccuracy in the lead screw 
from which the tap is cut, and the error due to distortion in 
the hardening of the tap. 

The thread of the dies is so formed as to provide a very 
keen cutting edge at the front and a guide portion, like a 
nut, at the back. This guide portion engages with the 
threads cut and preserves the correct pitch of the work. 

The diehead opens automatically when the travel is 
retarded. 

The hexagon turret lathe shown in fig. 3 is not intended 
to deal with any work except that made from the bar direct. 

E 
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For chucking work, that is to say articles machined from 
castings or forgings, the firm build an entirely distinct type 
of lathe, which is shown in fig. 7. 



these limits will handle the heaviest and most difficult 
work. 

The machine is shown equipped with a set of tools for 
producing wrought iron pistons for express passenger loco- 
motives. The piston seen in the chuck is 20-in. diameter and 
4-in. wide. The web is of curved outline and there is about 
§-in. of metal to remove all over, and a taper hole to be 
bored and reamed. The outside diameter has to be turned 
and the grooves for the rings cut in. The work is finished 
in the actual time of two hours and twenty minutes. The 



J 



It will be noticed that the main difference in the design 
lies in the fact that the lathe for chuck work is fitted with a 



Fig. 7. 

saddle in addition to a turret. This difference 
in design is caused by the variation in chuck work 
generally occurring in diameter and necessitating 
a larger amount of cross-transverse than can be 
accommodated by a machine having a turrtit only. 

In chuck work two operations, such as boring 
and turning or boring and facing, may frequently 
proceed simultaneously with great economy in 
time occupied. These two operations may be 
most conveniently performed at the same time 
on machines which are fitted with a saddle in 
addition to a turret. 

The range of machines offered for chuck work 
is considerably greater than in the case of the 
machine for bar work, as the articles to be made 
have a much larger variation in size. 

Fig. 8 shows a heavier machine than th.-it just 
described, and is known as the Combination 
Turret Lathe. It is suitable for chuck work 
up to 20-in. diameter by 2q-in. long, and within 



Fig. S. 

curved web is first roughed out with an ordinary turning tool 
in the square turret and then finished exact to shape with a 
wide form cutter carried in a holder and bolted to the face 
ot the turret. 

The average production of this type of lathe when equipped 
with suitable tools is four times as great as that of the ordi- 
narv lathe, the work being also far more uniform. 

Fig. 9 shows some of the capstan lathes in that part of 
Messrs. Herbert's works which is devoted to the production of 
chui'k work. 

It may be pointed out that labour-saving tools of this kind 
usually give the best results when they are grouped together 
in a separate department under tjie charge of a man who is 
responsible for the quantity and quality of the work produced, 
and can see that full advantage is taken of properly designed 
tools and fixtures. The output of a capstan lathe being so 
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much greater than that of an ordinary lathe It is fairly en- 
titled to a larger share of attention so thai the best results 
may be obtained from its use. If placed amongst ordinary 
lathes there is always a danger that the capstan lathe will 
suffer from lack of proper tools that would enable it efficiently 
to deal with all the work that should fall to its share, and the 
mere fact of such environment will sometimes cause it to be 
a disappointment to both purchaser and builder. 



NoPtholt Road Under Bridge, Great Central Railway. 

In response to several requests for drawings and particulars 
of an ordinary railway under bridge over a public road we 
are able to give the drawings of ihe bridge carrying the 
recently constructed railway from Neasden to Northolt, and 
which is now part of the main line of the Great Central R. In 
our issue for March, 1906, we gave a full description of this 
line, and its important bridges and other engineering features 
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Bridge over Northolt Road at 1 m. 34} ch. Neasden to Northolt R., Great Central Railway. 







Cioss Section at Centre. 
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S eelwork of Bridge over NorlhoU Road al|i ro. 34! chs., Neasden lo Norlholt, Great CeDtral Railway. 



were illustrated. A very similar bridge to the one we illus- 
trate herewith mig^ht and most probably would be required in 
any 10 miles of railway in this country. This bridge, like the 
rest of the Neasden-Northolt line, was designed by Mr. C. A. 
Rowlandson, M.Inst.C.E., chief engineer of the Great Central 
R. The block plan shows the "road diversion,** and that when 
the railway was constructed the opportunity was seized of 
dcing away — at the expense of the railway company — with a 
very nasty kink which existed in the Northolt Road. 

The girders are of steel, and need little description, as 
the drawings given are fully dimensioned. They are designed 



to carry the heaviest modern engines, and have a clear span 
of 40ft. The new diverted road is quite square with the rail- 
way. The rivets in the main and cross girders are Jin. diam., 
4in. pitch, and those in the parapets, flooring, ballast plates 
and rail bearers, except where otherwise stated on drawings, 
are fin. diam. and 4in. pitch : in the bearings and where re- 
quired they are countersunk : all the holes are drilled. The 
main girders have a permanent camber of 2ins. at the centre 
and the cross girders a camber .Jin. at the centre. 
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Connection of Gross Girders and Main Girders. 
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Plan of Briogc 



Bridge over NorthoU Road at 1 m. 34! chs , Neasden to NorthoU Railway, 
Great Central Railway. 



Combustion Processes in Englisli Locomotive Fire 

Boxes.* 

(Concluded from page j()6,) 
The first point investigated was the variation of the pro- 
ducts of combustion witli varying speeds, weight of train 
drawn, and gradients. These results for an engine of the 
*' Precursor " class are given in Tables i to 6. In 
the first column the number of the sample is given, in the 
second the number of cars forming the train, in the third the 
gradient, in the fourth the speed in miles per hour, deter- 
mined by observing the J-mile posts and stop-watch, in the 
fifth, sixth, seventh, and eighth the percentage by volume of 
carbon-dioxide, oxygen, carbon-monoxide, and nitrogen 
respectively. In the ninth column the ratio of carbon- 
monoxide to carbon-dioxide, which shows the ratio of the 
weight of carbon partially burnt to that completely burnt; 

TABLE I.— i.ivfrjfool to Shtrwybury and back to CnK'r. 



1 


I'J 


Grndient. 


Speed. 
M.perh. 


l^ercentAge by Volume. 
CiJ'i 0>2 CO JVa&c. 
by diff. 


to 

CU'2 C 


CO 
\JVCthi 


I 




lev€l 


60 


100 


7*2 


a6 


H2'3 


OOiO 


0020 


2 


— 


rbing 


46 


n-6 


4-7 


07 


831 


0060 


0066 


8 


— 


— 


66-66 


13-5 


21 


10 


83-4 


0(«74 


0(>6» 


4 


— 


rbing 


varying 


12-2 


61 


11 


81 


O'OOO 


0083 


6« 


— 


— 


46 


9*8 


60 


23 


82-8 


0*240 


0-200 


C 


— 


1 In 687 down 


75 


n;o 


61 


0-3 


786 


o-(rio 


0-018 


7 


— 


fttlUog 


fiO 


13-5 


20 


0-0 


81-6 


00(j 


0000 


8 


— 


1 in 187 down 


60 


146 


23 


0*2 


820 


0013 


0013 


t» 


— 


1 in 280 down 


75 


14 1 


2-8 


01 


830 


0007 


0007 






• Fire-drjor open 


during Munpling. 












TABLE i.—Crncf 


to Jiughg and thick. 








1 


10 


1 in 176 up 


40 


14-0 


30 


09 


82 1 


00 1 


0-060 


2 


,, 


level 


66 


11-8 


3*9 


02 


8l'l 


0017 


0016 


8 


17 


»« 


00 


13-2 


36 


0-6 


b27 


oa37 


0036 


4 


t« 


— 


61 


117 


1-3 


07 


803 


OOtK) 


0056 


6 


,, 


ri'»ing 


63 


12-5 


1-2 


23 


840 


0181 


0166 


8 


14 


— 


60 


124 


28 


0-7 


811 


0066 


063 


7 


,, 


falling 


P6 


13-8 


1*6 


1 


8J6 


0007 


0007 


8 


,, 


1 in 60ft up 


68 


171 


1-6 


0-2 


81-2 


0011 


0*0 11 


« 


▲ MX- 


wheeled eoach ia counted u one, un eiirht-who''led coach as one and a 


half, a 


inio 


g-car or •leeptng-flaloon aa two. 


















TABLE Z.-Holyh*M to Ch^i 


trr. 








1 


13 


1 in 97 down 


GO 


12-4 


6 1 


21 


H04 


0170 


0-146 


2 


«« 


1 in 8«Kr70 up 


48 


189 


8-7 


0-4 


HiO 


O'OW 


028 


21 




1 iu 176 up 


61 


121 


2 


11 


818 


090 


0-083 


4 


tt 


1 in y7 up 


02 


12' 1 


11 


0-8 


HV7 


(NI4 


0060 


b* 




1 in 1627 down 


62 


J»8 


8-2 





8;f0 


00(0 


onoo 


0* 


,, 


1 in 687 down 


G'I2 


68 


10 2 


(»0 


8f0 


0(MXI 


0000 


7 


»• 


1 in 100 up 


630 


138 


00 


0-5 


K57 


O'OIM 


0031 


8 


ft 


lerel 


6J-7 


161 


16 


02 


8i 1 


0OI-2 


0012 


» 


M 


leirel 


60 


151 


32 


00 


81 '7 


0000 


000 








• Fire-door open 











*«\UtrACt of a pupcf by Dr. F. J. Brislee, read before ihe Insiilulion of 
Mechanical Engineers. 




Section B.B. 









Slction a. a. 










tmft»t>y 


fiyaQMr 






TABLE 4.- 


PrtMtOH to Carlisle and Carllalr to Crewe, 






1 


17i 


lin 


1042 up 


fiO 


160 


2-0 


00 


880 


0000 


0000 


2 




1 in 


104 up 


36 


13-4 


1-8 


28 


820 


0-209 


0172 


3 




lin 


76 up 


37 


16-7 


0-2 


2-2 


81-9 


0*141 


0128 


4 




1 in 


75 up 


3S-3 


16-6 


0-4 


1-8 


82-2 


0116 


0101 


6 




lin 


76 up 


37-4 


16 I 


0-8 


1-K 


82-6 


0-106 


0*096 


6 


ll'J 


lin 


150 up 


41-4 


169 


01 


16 


82-4 


0100 


0091 


7 




lin 


100 up 


440 


12*8 


5-2 


00 


826 


0-000 


0*000 


8 


19 


lin 


110 up 


360 


13-2 


26 


0-8 


885 


0060 


0*067 


9 




lin 


142 up 


450 


161 


1-9 


0-7 


828 


0046 


0044 


10 


,j 


lin 


100 up 


600 


12-8 


41 


00 


881 


0-oco 


0000 








TABLE 6. 


—Livrrpool to 


Shrrwaburjf and back. 






1 


171 


lin 


oe*) down 


600 


6-4 


12-2 


00 


82-4 


0-000 


0-000 


2 




1 in 22-/0 up 


48*6 


11-3 


3-7 


06 


81-4 


0041 


0-040 


a 


^ 


lin 


411 up 


510 


14-4 


0-7 


42 


6(»-7 


0-291 


0226 


4 


10 


lin 


97 up 


600 


10-7 


6-6 


17 


810 


0*168 


0187 


6 




1 in 


281 up 


600 


11-4 


1-2 


3*8 


83-6 


0-888 


0-260 


6 


^^ 


lin 


687 d<iwn 


C9-2 


]5'8 


41 


0-4 


79-7 


0026 


0-024 


7 








600 


15-7 


11 


11 


921 


0070 


0-066 


8 




1 in 


187 down 


620 


14-3 


8-8 


0-4 


820 


OOfS 


0-027 


9 




lin 


280 down 


760 


163 


0-4 


0-4 


82-9 


0021 


0-osa 


10 


,, 


lin 


100 down 


750 


16-2 


2*1 


0-0 


827 


0*000 


0000 








TABLE 6.— Cr-'MV to Rugby 


and Itack. 








1 


17 


lin 


177 up 


37-5 


127 


2-7 


41 


80-6 


0*824 


0-244 


2 




lin 


318 up 


410 


11-7 


8-0 


2-2 


831 


0*188 


0166 


3 


^ 


lin 


7f^up 


64-5 


14-1 


31 


21 


80-7 


0-149 


0180 


4 




lin 


463 down 


466 


10-8 


8-8 


2-8 


831 


0*218 


0-176 


6* 


^ 


1 in 


<6I up 


66-2 


68 


8*6 


1-6 


88-6 


0-288 


0192 


6 




lin 


830 up 


47-3 


131 


1-3 


4-1 


81-6 


0818 


0*2?8 


7 


i5i 


lin 


a.>o up 


U9-1 


130 


23 


31 


81-6 


0-238 


0*192 


8 


13 


lin 


617 up 


439 


18-8 


33 


0-4 


82-6 


0-080 


0*028 


9 




lia 


177 down 


680 


126 


5-4 


00 


82-1 


0000 


0-000 



• Fire-door open. 

in the tenth column is the ratio of the carbon-monoxide to 
carbon-monoxide plus carbon-dioxide, which gives the weight 
of carbon partially burned compared with the total amount 
consumed. The last column, multiplied by loo, gives the 
percentage of the carbon of the fuel lost, due to the formation 
of carbon-monoxide, which escapes combustion. 

From these results it is evident that the loss due to the 
formation and escape of carbon-monoxide is greatest at com- 
paratively low speeds, with late cut-ofF and strong blasts at 
long intervals as compared with much shorter intervals when 
running at high speeds, and at speeds of about sixty miles 
an hour, the quantity of carbon-monoxide in the product of 
combustion is practically niU Further, in most cases, there 
was more than suflicient oxygen present to burn the carbon- 
monoxide completely, and th>e escape of this from complete 
combustion is due, in all probability, to the extremely rapid 
rate at which the gases are swept through the tubes and 
cooled down, so that the oxygen and carbon-monoxide had 
no time to combine. The presence of carbon-monoxide in the 
products of combustion at low speeds is due to the inter- 
mittent character of the air-supply. The escape of the 
exhaust steam up the funnel takes place in a series of **puffs,'* 
and the interval between each ** puff " varies with the sjjeed 
of the train, hence the products of combustion are left in 
contact with the strongly heated fuel for a time interval 
depending upon the rapidity with which the *' puflfs *' follow 
each other, and so partial reduction of the carbon-dioxide to 
monoxide takes place. Then, at the next **puff,'* the gases 
are drawn out of the fire-box, along the fire-tubes and into 
the smoke-box before the complete combustion of the carbon- 
monoxide has time to take place. The effect of the gradient 
is that of reducing the speed of the train, thereby increasing 
the length of time between each ** puff '*; hence the time 
during which the products of combustion remain in contact 
with the incandescent fuel is also increased. The heavier the 
train the greater is this slowing down when ascending a 
gradient; hence the proportion of carbon-monoxide which 
escapes combustion is greatest when the engine is working 
heavily, e.g,^ drawing a heavy train up a steep gradient. 

The vacuum in the smoke-lx)x was next measured. The 
sampling-pipe was connected with a U-shaped gauge, con- 
taining coloured water, at the back of which was a graduated 
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glass scale. The gauge was fitted with a glass tap so that it 
could be shut off during sampling and when not in use The 
vacuum measured was the mean vacuum in the section of the 
smoke-box from which the samples were drawn. The first 
measurements showed that it varied with the time of cut-off 
by the slide-valve, as well as with the extent to which the 
regulator was opened. It depended also upon the resistance 
of the fire to the passage of the air. The vacuum reached, 
under certain conditions, was 10 to 12 in. of water, but on 
the average it was 5-7in. of water, the higher figures being 
only very occasionally reached, and were never steady and 
were not maintained for more than a few minutes. When the 
fire-door was opened for firing the vacuum sank from 5-7in. 
to 1-2 in., the air entering freely through the open fire-door. 
At high speeds the vacuum was smaller, as a rule about 
3-5in., but steady, and then the air-supply approximated to 
a steady current, and combustion was complete, the amount 
of carbon-monoxide being very small, or nil. The results 
are given in Tables 7, 8 and 9, the data being the same as 
in the preceding tables, except that in the last column the 
partial vacuum in the smoke-box, measured in inches of 
water, is given. 

From these tables it will he seen that the most efficient 
combustion takes place when the vacuum is relatively small 
and the speed high. The higher vacua were never steady, 
but were obtaned in a series of jerks. The conditions neces- 
sary for the most effective combustion require that the current 



TABLE 7.—Preson to Carlisle and back. 



PercentRge by Vclume. 



11 

go 



18 
8 



\A 



15 



•a 

a 



1 
3 

8 
4 
6 
6 
7 
8 



1 
2 
3 

6 1» 

» t, 

1) M 



Gradient. 



Speed. 
M. per b. 



.^i 



ro CO s'l 

— tJ* 



Kj 



1 in 1199 up 
1 in 75 up 
1 in 75 up 

1 in 125 down 
1 in 184 up 
1 in 186 up 
1 in]25up 

1 in 104 down 
1 in 90 up 



1 in 3n up 
1 in 330 up 
1 in 384 up 
1 in 330 up 
1 in 4U6 up 
1 in 100 up 
1 in 506 up 
1 iu 391 up 
1 in 101 up 



1 in 177 up 
1 in 320 up 
1 in 321 up 
1 in 320 up 
1 in 854 upj 
1 in320u I 
1 in 4tO up 
1 in 660 up 
1 in 388 up 
1 in 883 up 



61 163 02 

<43 16 1 11 
42-8 13-6 8*0 
760 150 10 
42*8 lH-5 UO 
51-4 16(1 10 
420 168 00 
69*2 It 9 2 8 
22 II G 3-6 

•fctartinjr- 
TABLE %.—] ondon lo L 



515 

50 
53 
60 
GO 
50 
58 
60 
58 



155 
14-4 
151 
157 
166 
140 
13 3 
13-9 
144 



00 
2-2 
0-7 
1-8 
0-8 
87 
4-i 
80 
39 



1-6 
0-7 
16 
10 
2*2 
2-2 

ro 

0-2 

00 

lifrpt'of. 

40 
19 
1-5 
2 
00 
O'O 
02 
07 
00 



81-9 
82- 1 
81*8 
880 
8»-3 
81*2 
83*2 
811 
81*8 



f05 
bl 6 

8*27 

K2a 

82 6 
81*4 
82*4 
81 'H 
8. -7 



TABLE 9.— Ci<M«- to London. 



50 

64-3 

67*1 

51-4 

450 

53*7 

62-0 

58-1 

55-4 

47*3 



15*3 
16*2 
140 
161 
147 
14-2 
12-4 
12 7 
160 
14 6 



0-6 
0-7 
8-6 
0-6 
0-7 
0-9 
0*6 
8-2 
11 
0*9 



21 
1*3 
09 
1-7 
21 
80 
42 
1-2 
8*7 
2-5 



820 
81*8 
815 
8i0 
82*6 
819 
828 
820 
H)2 
82-0 



0100 
0013 
0117 
0060 
0-16M 
0-147 
0*(03 
0012 
0-\00 



0*260 
0182 
0100 
0013 
OCWt 
0-OJU 
0016 

0-oco 

0*000 



0137 
0080 
0064 
0-113 
0-H2 
0-211 
0-388 
0-<P4 
0-2 »6 
0-171 



Of 89 
t*040 
0-105 
06i 
M40 
0-12S 
0060 
0012 
OCOO 



0206 
0-116 
0'()90 
0012 
0000 
0(H) 
f016 
0-018 
0000 



0*J2C 
0074 
0-C60 
0-101 

128 

174 
0-253 
^©►« 
0200 
0'J4tf 



76 
7*6 
80 
41 
60 
60 
50 
64 
4*9 



8-« 
5-" 
6» 
5-8 
58 
68 
6-8 
1-6 
5-b 



5-2 
5 7 
54 
57 
6-9 
59 
6*4 
0-4 
6-2 
60 



of air supplied to the fire should be a steady current, and the 
amount sufficient to render the velocity of combustion great 
enough for the production of the necessary steam. The 
employment of the exhaust steam to induce the air-supply is 
only efficient at high speeds, when the ** puffs " follow in 
extremely rapid succession, so maintaining a steady partial 
vacuum in the smoke-box, while the air is pushed in through 
the ash-pan dampers and thence through the fire at a mode- 
rately high and fairly constant pressure, due to the passage 
of the engine through the air. When the thickness of the fire 
is considerable and the air-supply is intermittent, as when the 
steam-blast is employed and at low speeds, the tendency for 
the carbon-dioxide to be reduced to carbon-monoxide is 
greatly increased; hence a priori one would expect a much 
smaller loss of carbon, due to the formation of carbon- 
monoxide, in an engine with a thin fire than in one having a 
deep fire. This point was next investigated. The engine 
employed was a L. and North-Western R. locomotive of the 
•* Experiment '' class. In this class of locomotive the fire- 
box is only about one-half as deep as in the ** Precursor *' 



class, but considerably larger in other directions. This 
locomotive was fitted up with the same sampling apparatus 
and vacuum-gauge as in the previous case. The runs selected 
were nearly all on the Carlisle route, and include all the 
heaviest, long, non-stop runs on the L. and North-Western 
R. The loads taken were, as a rule, very heavy and the 
average speeds high. Further, this class of engine was 
specially designed with a view to working heavy passenger 
traffic on the London to Carlisle route. The road from Crewe 
to Carlisle is specially heavy, the gradients being all fairly 
steep, the track being almost continually uphill from Preston 
to Shap Summit, ^^, 4. The first run was from Liverpool to 
Shrewsbury and back, in which thje load was by no means 
heavy and the speed high. The results are given in Table 10. 

TABLE 10.— LiW 8trt€t, Livtrpooi to Shrncthurg, 12.0 noon rx Lime Strtrt. 



i 


1 

'S 

i 


Onulient. 




^1 


8 

5 


1 








f 








18 


Iio2i0down 


60 


14-7 


Vi 


1-0 


831 


0-0C8 


0-068 


1-8 


8-2 




,, 


1 in 158 up 


36*7 


14-7 


1-8 


1-5 


82-5 


0-102 


6002 


0-7 


5*7 




^^ 


1 in 616 up 


51-5 


11-7 


1*9 


1-7 


84-7 


0-145 


0127 


1-5 


43 




10 


1 in 110 up 


63 


14*8 


0-4 


0-8 


8i-0 


0*051 


0-061 


1-4 


46 






1 in 155 up 


63-0 


12-8 


21 


1-2 


83*9 


0008 


0W6 


1-9 


8*2 






1 in 208 down 


61-4 


14-4 


0*7 


VI 


88*8 


0-t76 


0071 


1-8 


6-4 






1 in 1.180 up 


54-5 


15-1 


1-1 


0*6 


8r4 


0088 


0^)82 


14 


5-3 






1 in 150 down 


75'0 


16-0 


0-7 


0-9 


8i-4 


0-066 


0-058 


re 


41J 






1 in 2«223 down 61-4 


18-2 


10 


0*4 


85-4 


0-030 


0*019 


1-8 


9'H 



* Tbe prmaure in tbe inb^pan was oaletUnted from the velocity, a speed of 66 ft. per 
woond being taken aa eattatng a prenure of 1 ineb of wat». 

If these results are compared with those in Table 5 it 
will be seen that the percentage of carbon-monoxide is not 
so high with the ** Experiment ** class as with the ** Pre- 
cursor '* class. The highest in Table 5 being Nos. 3 and 5, 
in which the carbon-monoxide reaches 4*2 and 3*8 per cent, 
respectively, the highest in Table 10 being No. 3, which is 
i'^ per cent, of carbon-monoxide. The partial vacuum in the 
smoke-box is also much less in the ** Experiment ** class 
than in the ** Precursor " class, due to the decreased thick- 
ness of the fire, which offered less resistance to the passage 
of the air and also to the increase in area of the grate. The 
vacuum in the smoke-box in this class was about 3-5in. ot 
water, higher figures only being very occasionally reached. 
The next runs were all on the Crewe to Carlisle route, and the 
results are given in Tables 11 to 15. 

The figures in these tables show a very great diminutior? 
in the percentage of carbon-monoxide, even in the highest it 
is less than 20 per cent., while the carbon-dioxide, in the 
majority of instances, is high. The ** gas-producer '* action 

TABLE \\.—PrfMoa to Ontthle and CirtitU to Crew*. ll.O n.m. rx Prtston, 4.12 p.m 



10 



1 

2 M 

8 M 

4 ,. 

5 „ 

6 „ 

7 ,. 

8 17^ 

9 M 
10 M 

1 11 

8 ,. 

4 ,, 

5 „ 

6 ,. 

7 M 

8 ,. 

9 ., 
10 „ 

1 9 

2 ., 

3 iri 

4 „ 

5 M 

6 „ 

7 » 

8 M 

9 .. 
10 .. 



1 iu Idt up 
1 iu 75 up 
1 in 73 up 
1 in 75 up 
1 in 1-25 up 
1 in 181 up 
1 in 142 up 
lin 110 up 
1 in 104 up 
1 in 185 up 



47 3 

6 JO 
450 
83-3 
45-0 
87 5 
87 •« 
45-0 
50C 
47 3 



148 
13*9 
13 5 
97 
14*6 
15*6 
148 
15 7 
14*2 
12-2 



00 
0-4 
0*2 
8*6 
28 
(H» 
21 
l-l 
4*0 
5-7 



TABLE l2.-<>«'ir* frt C'trU%lr, 



1 in 126 up 
1 in 101 up 
1 in 101 donn 
1 in 134 up 
1 in 21) up 
1 in 75 up 
1 iu 75 up 
1 in 75 up 
1 in 125 down 
1 in 161 down 



60 
6;-4 

720 
53*7 
89- 1 
473 
81 
27*2 
78*5 
770 



160 
140 
15 9 
15-3 
14*7 
18*3 
14-5 
18*8 
160 
16*4 



1-4 

0*9 
07 
1*7 
1*7 
3*8 
80 
1-9 
11 
1-5 



1 in 470 up 
1 in 181 down 
1 in 193 up 
1 in 131 up 
1 in 181 up 
1 in 75 up 
1 in 75 up 
1 in 75 up 
1 in 125 down 
1 in 172 down 



TABLE \S.~Crrwe to Ca 



630 

720 

50 

31-6 

82*1 

80 

833 

810 

69*2 

72*0 



1 '5 
160 
141 
14-5 
130 
11-2 
96 
10*0 
10-4 
12-0 



5-0 
41 
30 
29 
50 
7-3 
86 
80 
81 
51 



1 20i 

2 „ 

3 „ 

4 „ 

5 ,. 

6 „ 

7 „ 

8 ,. 
.. 



TABLE 14.— <7i«w to Ca 



1 in 182 up 


500 


1 in IGO up 


27 


1 in 193 up 


450 


1 in 120 op 


325 


1 in a*) up 


duo 


1 in 76 up 


16-2 


1 ia 75 up 


3»I0 


1 in 75 up 


26*4 


lin 229 down 


760 



115 
10'2 
9-7 
97 
91 
120 
11-2 
13"8 



50 
6-8 
7-4 
8*0 
8-8 
9-5 
6*3 
66 
8*9 



11 
0-4 
1-5 
0*4 
00 
0-6 
10 
0-0 
0*0 
00 

1 12 
04 
00 
00 
0*0 
0*^ 
04 
07 
0-8 
00 
0*5 

00 
00 
0*5 
0*6 
00 
10 
04 
0*8 
00 
00 
rliMle. 
05 
04 
04 
00 
0-0 
0-9 
00 
06 
0-9 



816 
85-3 
848 
81-3 
82-6 
83-0 
821 
8i-2 
81*8 
B21 
p.m, tjc 
S2-2 
85*1 
834 
81*0 
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TABLE l$,—Crtw€ to CartisU and hack, 9.t6 a.m, ex Crewe, 4.18 p m, ex Ca.lUU. 
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3 „ 1 in 190 up 

4 H 1 in 7» ap 

6 „ 1 in 76 up 

6 ,« 1 in 76 up 

7 16t 1 in 125 up 

8 H 1 in 10() up 

9 «, 1 in 176 down 
10 19 1 in 115 up 
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excessive, as comparatively little smoke is emitted by a loco- 
motive when running. The loss of solid fuel thrown out by 
the steam-blast through the funnel is extremely difficult of 
estimation, but is considerable in amount. The heat carried 
off in the products of combustion is another source of loss of 
fuel, but one of the most difficult of remedy in a locomotive, 
where space is limited, and where increase of weight beyond 




of the fire-box, resulting in the partial reduction of the 
carbon-dioxide to monoxide is very greatly reduce^, as the 
results show, by reducing the depths of the fire. The effects 
of heavy working when the full pressure of the boiler is on 
the cylinders, and the induced draught fierce and intermittent, 
are especially noticeable in Table 14. This train was practic- 
ally the very heaviest train running on the system, and 
demanded the full power of the engine. The rapid passage 
of the air through the thinner fire resulted in holes being 
made in the fire by the ** jerky " steam-blast, and conse- 
quently a large amount of air was drawn through the fire, 
which had no time to come into contact with the fuel, owing 
to the rapidity of its passage. The passage of so large an 
amount of excess air resulted in a considerable lowering of 
the temperature. 

The results in the other Tables show a similar increase 
in the amount of oxygen when the engine was working 
heavily. Comparing the results for the ** Experiment '* with 
those for the ** Precursor ** class, the advantage of employ- 
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ing a thinner fire is manifest, so far as efficient combu.stion 
is concerned. At the same time, it is evident that a greater 
amount of judgment in firing is required, in order to prevent 
the fire breaking into holes and an unduly large excess of 
air being drawn through the fire, thereby reducing the 
temperature, and seriously impairing the steam-raising power 
of the engine. The presence of the carbon-monoxide in the 
products of combustion, together with excess oxygen, may 
be due to either the cooling of the gases before the combus- 
tion was complete, or to incomplete mixing. 

Considering all the drawbacks of the method of supply inf^- 
the air to the fire-box, the results for both classes of engines 
show a very great efficiency, and compare very well with 
stationary and marine boilers, employing either natural or 
forced draught. The above results only take account of the 
carbon lost as carbon-monoxide, the other means of loss of 
fuel are : — 

(i) Loss of carbon as smoke. 

(2) Loss of unburnt hydrocarbons. 

{3) Loss of solid fuel as fragments thrown out by the 
steam-blast. 

At the stage of the combustion when the samples were 
taken, that is, after the smoke had cleared, the amount of 
unburnt hydrocarbons was wi7, only very slight traces being 
found in the samples. The loss of carbon as smoke was not 



certain limits is undesirable. 

The figures in the foregoing tables represent the com- 
bustion taking place in first-class locomotive practice and on 
express trains of high average speeds. The loss due to the 
formation and escape of carbon-monoxide must necessarily 
be greater with low-speed trains, owing to the intermittent 
character of the air-supply. 

The employment of a suitable forced draught, by means 
of which the air-supply would be under control, should do 
much to reduce the loss of solid fuel, thervby removing a 
source of danger and also doing away with the dependence 
of the air-supply upon the speed of the engine. 



The Trackless Trolley. 

CoNsiDERABiE interest has of late been awakened in the 
question of railless traction — the propulsion of vehicles by 
electrical power from an overhead equipment without the 
necessity for the vehicles to travel on rails with the accom- 
panying more or less expensive roadway, with passing loops, 
etc. The cost of tramway construction on the usual method, 
together with equipment, even when carried out by munici- 
palities who arc able to borrow money at lower rates than 
private corporations, varies from ;^i 0,500 to ^,'46,000 per 
mic of route, and the average of the whole is ;^23,500. In 
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Fig. I. 

this average is not included the London County Council tram- 
ways, as, being on the conduit system, their cost is so much 
higher. Much of this expense is due to permanent way, but 
a deal is due to preliminary expenses. But raillcss traction 
does not require any permanent way, nor does it come within 
the requirements of the Railways, Tramway or Light Railway 
Acts. The average cost is therefore put down at from 
;^2,ooo to ;^i4,ooo per route 
*nilc. It is estimated that a line 
of railless traction to do a busi- 
ness equal to the average of all 
British tramways would cost 
about ;^8,ooo per route mile for 
construction and equipment, 
and in this is included lo per 
cent, for contingencies, which 
should be sufficient for the pre- 
liminary expenses. 

The cost is not only less, but 
the profit of receipts over ex- 
penses goes much further. The 
average profit, after making all 
deductions, of all the tramways 
owned by city and town autho- 
rities averages slightly over 
one-halfpenny per car-mile. To 
make a proper calculation let it 
be assumed that there are two 
systems — one a tramway of the 
usual type and one of railless 
traction. Each operates 20 cars 
and does 480,000 car-miles per 
annum, and each makes a net 
profit of one-halfpenny per car- 
mile. If the tramway has cost 
;^75,ooo it would only make a 
profit of I J per cent. Whereas 
if the cost of the raillesss trac- 
tion is put down at as high a 
figure as ;£r25,ooo the profit of 
one-halfpenny per car-mile 
would be equal to 4 per cent. 

Then there is the advantage 
of quicker construction. Given 
a power station already avail- 



able, all that is required for rail- 
less traction, beyond the cars, 
is the fixing of the overhead 
equipment. There are no tire- 
some delays in opening up the 
road, laying the track, bonding 
the rails and pitching the road, 
and, consequently, capital is 
remunerative at an earlier date. 
Cars can pass each other at 
any point on the road and a 
faster car can overtake and pass 
a slower, such as a passenger- 
carrying-car passing a goods- 
wagon. 

Hitherto British companies 
have not done much in this 
matter, but the Railless Electri- 
cal Traction Co., Ltd., who 
have acquired the patent rights 
of Max Schiemann and Co., 
have their hands full just now 
of schemes for its adoption. 
The Dundee Corporation have 
submitted to the Board of Trade 
for approval a scheme for feed* 
ing their tramway system, and 
the Manchester Corporation are 
formulating something similar 
from thfeir tram terminus in 
Palatine Road through Northenden to Sale, for which they 
have powers to lay a tramway. A railless tramway is pro- 
posed from the outskirts of Dublin to Bray. 

The general appearance of the car used on the eight instal- 
lations on the Continent may be judged from the illustrations. 
Double decked cars are not employed, trailers being preferred. 
It is, however, proposed to use double decked cars in this 
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country. The car illustrated is at Mulhauscn, in Alsace, and 
ascends a gradient of i in 12 with ease, and can attain a 
speed of 12 mile's per hour on the level. The trolley arm is 
constructed for a lateral deviation of loft. on either side of 
the wires, so that on a road 20ft. wide between the kerb, and 
the wires carried in the centre, full command of the whole 
width of the road is given. 

In fig. 2 a passenger car is seen crossing a goods train 
going in the opposite direction. When two cars or trains 
meet like this they pass each other's trolley boom by one man 
drawing down his trolley. This illustration shows the double 
pole, but this has been replaced by a single pole as seen in 
fig. I. 

Our purpose now is to draw the attention of tramway and 
railway companies to the new system as an adjunct to their 
present roads. Some companies, c./iTm ^^^ L,. and North- 
western, (ircat Western, North-Eastern and Great Eastern, 
have motor-'bus and van services to link up outlying towns 
and villages to the railway, but they do not claim that their 
experience with the petrol motor has been a success. We con- 
sider that railless traction would give Ixjtter results and would 
lead to more being done by other companies in the way of 
feeders for their railways. There are innumerable roads in our 
mind, as for instance between Derby and Ashbourne, and 
along the Solway Coast from Dumfries to Kirkcudbright, 
through Kirkbean, Dalbeattie and Auchcncairn, where such 
facilities would not only bring profit from existing traffic 
now conveyed in carriers' carts and private vehicles, but 
increased and improved facilities would bring more local 
traflftc and attract visitors. It should be borne in mind, too, 
that the provision of such communication by railway com- 
panies will anticipate any applications for light railways. 
VV^hilst the law is as it now exists the provision of light 
railways in any district is remote, but the law is sure to be 
amended sooner or later. It will, of course, be necessary 
for railway companies to obtain leave to run the overhead 
equipment, but in many country districts they would be 
welcomed. They might, too, as in Germany and America, 
supply light to the roads and even houses en route. A 
power station is also necessary, unless there be a local 
one available. But this is not such an expensive item as 
it was, as an engine of 50 H.P. will now supply power at 
as low a cost per unit as was possible by a large station ten 
or so years ago. 

Taking every feature into consideration there appears to 
be a fine field for railless traction in Great Britain, and the 
results of the enquiries made by Dundee, Manchester and in 
Ireland will be awaited with interest. 

Recent Patents Relating to Railways. 

These abridgments of recently published specifications are 
specially compiled for this review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of specifications can be obtained 
at an uniform price of 8 J. each. 

Spark Arresters. jg^Sig. 4th September, igoy, W, 
Stokeldj 49, Hendon Valley Road, Sunderland, and /. Black, 
9, Claremont Terrace, Neivcastle-on-Tyne. 
This spark arresttT, which is applicable to locomotives and other 
horizontal multitubular boilers, is made of plain or corrugated 
plates and shaped or bent so as to keep well away from the 
ends of the tubes, but is in contact with the tube plate at the 
top and sides and clear of the tubes c, so that all the smoke 
issuing from the chimney b of the locomotive must first pass 
through the arrester. It may rest on the bottom of the smoke box 
or be kept clear of the bottom, and the front part is preferably hinged 
to provide access to the tubes. The plates forming the arrester 
are perforated with small holes q spaced closely together over the 
whole of the exposed surface, that is to say, the front h, top /, 
and sides m. These holes are an improved shape, namely, of 
small diameter 9' on the inside of the plate, which diameter is 
retained for a short distance into the plate, and is then splayed out 
to a comparatively large diameter q^. The bottom of the smoke 
box is provided with a hinged door or flap / hinged at g and 
opening downwards^ through which the small cinders that are 
caught in the arrester are precipitated Into a spout p, and delivered 



on the track or other place. Instead of the door being on the 
bottom of the smoke box, the spout may open into the smoke 
box, and the door or flap placed on the bottom end of the spout. 
The door or flap is made to open automatically when a certain 





r/9W. 



quantity of cinders has accumulated over it, and is closed again 
by a counter-weight ; or spring, or it may be opened and closed 
from the footplate or other convenient place by a suitable arrange- 
ment of rods and levers. {Accepted yth May, 1908.) 

Couplings (Automatic). 12,646. jist May, 1907. 
F. H. Addis, 21, Wellington Road, Bridlington, Yorks. 
This invention relates chiefly to couplers in which both the pulling 
and buffing strains are taken up, and comprises a spring -con- 
trolled wedge mechanism for locking the coupler heads tightly 
together on mere impact, and at the same time taking up all slack 
or wear. On the coupling plate is pivoted at 3 the tumbler 4, 
which is under the pressure of the spiral spring 5. A hole or slot 
6 is provided in the coupling plate, into which a pm can be inserted 
when desired for the purpose of a temporary coupling, with a 
low trolley for instance, or a vehicle not provided with an engaging 
head. The locking wedge 7 is operated by means of the bar 8 
and outside lever 15, the spring 10 assunng the action of the 
wedge to fall and release the tumbler. The spring 5 is under 
compression, consequently the parts impelled by it cannot rest 
half way, but will spring into either the ** fully open " or the 
** fully closed ** position respectively. The wedge 7 has a shoulder 
7' over which a projecting portion of the tumbler engages. Fur- 
ther details of the device are illustrated in Figures 4 and 5. The 
coupling plate i is here shewn connected to the car frame by 
means of the drawbar 26 having on each side of it a spiral spring 
II, 12 respectively. These springs are placed between the base 
of the coupling plate and the outside of the car frame. The draw- 
bar 26 then passes through the car frame and is provided at the 
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inside of the frame with a powerful spiral spring in the usual 
manner. • By means of these double springs any twisting of the 
coupling is avoided. The locking lever for the actuation of the 
coupling wedge is also shewn. The long rod 9 is operatively 
connected to the arm 15 as shewn in Fig. 3. It is provided with 
a handle 13 at each side of the car. This rod 9 is supported by 
brackets 14 fixed to the car frame. Where it passes through these 
brackets the rod is formed rectangular or flat for a portion of its 
length, the bracket sleeve or holder being of like shape to admit 
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it. When therefore the rod is either pushed or pulled until the 
angled or flattened part is beyond the sleeve or holder, and the 
rod is then given a turn, it cannot move back to its original 
position until it is again rotated into that position in which the 
part fits the sleeve. By thus holding the rod 9 and arm 15 fast, 
the operator is enabled to prevent the engagement of the wedge 
whenever it is desired to render the automatic coupling inoperative, 
as for instance during shunting operations. (Accepted i^th Afay, 
1908.) 

Trucks. 5,143- ^th March, igo8. Date claimed under 
Patents and Designs Act, igoy — 6th March, igoy. J. Af. 
Rohlfing, J840, Cleveland Avenue, St, Louis, l\S.A, 
The object of this invention is to enable the main parts, such as 
the bolster and axles, with the wheels, to be quickly and easily 
taken out and replaced without taking down the whole truck. 
F'or this purpose the journal boxes arc divided and adapted to 
swing open to let out the wheels and axle. One portion F of each 
box comprising the top and part of the side, with the brass stop 
L, is cast integral with the side frame, and the other portion G, 
comprising the brass stop L^ with side and bottom of the box, is 
cast separately. The parts are formed with lugs J Ji, and K 
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Ki, through which piot pins H, I, are passed for securing them 
together. The pins are provided with cottars for ready removal. 
The stops L, L*, on the inner side of the box for the journal brass 
to abut against are preferably located one on the upper portion F 
of the box, and the other, Li, on the lower portion (i. When it is 
desired to open the box one pin I is withdrawn and the other 
pin H serves as a hinge on which to rotate the lower portion in 
the direction of the arrow. Fig. i, acting to open the box at the 
lines of division and thus free the journal therein with its brass 
and wedge. It is only necessary to support the end of the truck in 
order to run out the axle and wheels. The bolster C is held in the 
side frames by removable key-blocks D. {Accepted y^th April, 
1908.) 

Signal Mechanism. 20,3^4, 13th May, igoS, Siemens 
Bros, and Co,, Ltd,, 12, Queen Anne's Gate, Westminster, 
and L. de M, G, Ferreira, 102, Elmbourne Road, Upper 
Tooting, 

This invention provides an electro-magnetic device for disengaging 
the signal arm from the gear in signals operated by an electric 
motor. The motor a drives through a worm b the train of wheels 
c d e, the last of which is free to turn on shaft /• To this shaft is 
keyed a lever arm g suitably connected, such as by rod h, with 
the signal arm. Pivoted to arm g is a pawl 1, adapted to engage 
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in the teeth of wheel e so as to lock the arm g to the wheel. The 
pawl carries a short crank k connected by a link / with the end 
of a lever m, having as its fulcrum a stationar>' pin n. The length 
of this lever is such that when the lever is in position against a 
stationary magnet ^, the pin o which connects the end of the lever 
with link / is co-axial with the shaft /, and the length of the link 
is such that so long as this co-axial relationship exists, pawl 1 is 
kept engaged with a tooth of the wheel e. This relative position 
of the parts is shown in Fig. i, which is assumed to be the position 
when the signal has returned to danger. When switch p is closed 
to start the motor, magnet q 1% energised and lever m is lockwl 
in the position in which o and / are co-;ixial. The motor drives 
the wheel t in the direction of the arrow, and arm g is liftinl to 
lower the signal until the arm lifts switch r, as indicated in Fig. 
2, and breaks the motor circuit. The holding ofT circuit, however, 
remains completed so that the lever m is kent in position a\»ainst 
the magnet q until the su'iich p is opened, whereupon the pressure 
of the weight on the signal arm, acting through the pawl and 
lii^k, causes the lever m to fall away as indicated in Mg. 3; in 
this position pawl j is free of the teeth of wheel e, and the weight 
on the signal arm presses the arm g back into the position shown 
in Fig I, in which it bears against the spring s carried by an arm 
on the lever m, so that the latter is brought back against the 
magnet q, and pawl 1 is turned into engagement with the wheel c. 
(Accepted 2$th June, 1908.) 

Carriage Ventilator. 17,941- 7th August, 1907. 
W, S, Laycock, Victoria Works, MiUhouses, Sheffield, 
This ventilator comprises a perforated base plate a and a dom«*- 
shaped body d telescopically connected with the plate a by the 
hollow stems b c, but normally forced away from the plate by a 
spring c. Passing through the ends of stems c and b is a wire or 
cord g, the end of which, in order to prevent its withdrawal. Is 
knotted as indicated at g^. The cord is provided with an exterior 
casing, one end of which enters and abuts against the end of the 
hollow projection h secured to the back of the plate a, whilst the 
opposite end of the casing abuts against the upper surface of the 
bracket 1 secured to the back of a plate ;, which is attached by 
sciews or other means to the interior of the compartment in a 
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position such that it is conveniently accessible. The cord passes 
through the bracket at the back of plate ;, and at its end it is 
secured to the projection k at the end of the ann fe* secured to 
spindle fe^, which spindle passes through plate /. In order th.it 
the length of cord may be adjusted it is not connected directly to 
the projection fe, but passes through a tube fe', for which a suitable 
p«;rforation is formed in the projection fe. The tube is provided 
upon its exterior with a screw thread and with nuts fe*, the end of 
the cord being provided with a clamp \. By this means the length 
of the cord is readily adjuste*!, so that upon the rotation of the 
spindle the cord is pulled and the movable member of the ventilator 
is caused to approach the base plate, so that the entr>' of the air 
through said plate is prevented. (Accepted \ih June, 1908.) 

Lavatory Basins, j.^57. 20th t'chruury, jgo8, H, /. 
Beresford, of James Beresford and Sons, Cato Street Works, 
Birmingham. 

This invention relates to a folding basin for railway and like 
coaches, and provides an easilv operated basin with means for 
preventing leakage when the fcasin is iolded. The bowl A is 
mounted on a dished tray B hinged to a back piece or frame C of 
box form, all the parts' being designed for easy stamping. In 
order to shield the hinge c* during the movement of the bowl from 
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the open to the closed position an extension M is formed on the 
tray B, which projects over the hinge and in the closed position of 
the bowl eniers n pocket formed for its reception in the top of the 
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front plale c* of the frame C. A springy catch &• is provided for 
securinjc the tray in its vertical position, and adapted to be released 
by pulling forward the handle W, (Accepted ^th June, 1908.) 

Wagon Doors. 14,^61. 24th June, 1907. G. H. 
Sheffield, j^, New Bridfre Street, Newcastle-on-Tyne, and 
/. D. Swinherrow, Hexham, Northumberland, 
This invention consists in operating the sliding doors of a hopper 
wagon by means of cranks and connecting rods, through a worm 
gear or other «eIf-locking mechanism, also in eflfecting simul- 
taneous movement of two doors in opposite directions by so dis- 
posing the parts of the gearing as to secure a self-contained balance 
of the reactions. The gearing between the two doors is adapted 
to be disconnected so that the doors may be independently operated 
if required. Each door a, for each hopper 6, of the wagon is 
suitably mounted to run horizontally upon guides, preferably on 



any suitable type, capable of being readily disconnected, for in- 
stance, by lever o, or in any other suitable manner. (Accepted 
25//1 June, 1908.) 

Locomotive Engines. 17,165. 26th July, 1907. H. JV, 
Garratt, 25, Lewestun Place, Portland Avenue, Stamford 
Hill 

This invention relates to a double bogie engine having a large 
boiler with a low centre of gravity and large driving wheels on 
both bogies. The boiler and fittings are carried on a frame b of 
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the shortest length practicable, connected at both its ends to self- 
driven bogie tanks c by swivel heads d. Steam cylinder e, with 
the necessary driving gear, are carried on the bogies. (Accepted 
1 \th June, 1908.) 

Insulated Rail Joints. 2,488, 4th February, igo8. 
B, Wolhaupter, 29, West 34th Street, New York City, U.S.A. 
According to this invention the rails and fish plates i are arranged 
to form a moulding space between them, in which insulating 
material 9 is moulded in a plastic state so as to form an integrated 
body of insulation. In order to make proper provision for the 
insulation of the bolts 2 in the bolt-holes 3 and 4, temporary bolt- 
hole cores 10 are arranged through the aligned bolt-holes 3 and 4 
and supported on the side plates i, through the medium of any 
suitable holding means 11. The temporary cores are held in cen- 
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rollers c, and is connected by a pair of connecting rods or links d 
to cranks e, mounted on a shaft /. A worm wheel g is mounted 
on the end of each shaft /, and is rotated by a worm p upon a 
shaft /f, running longitudinally of the wagon. Each end of the 
shaft li is provided with a bevel wheel 1, driven by another bevel 
wheel k mounted upon a cross-shaft /, the ends of which, tw, are 
adapted to receive a key or operating lever. The pitch of the 
worms is made of opposite hand, to drive the shafts / in opposite 
directions, and to confine the thrust to axial stresses in the longi- 
tudinal shaft h. The angle of pitch is such that the worm wheel 
lannot drivi* the worm in any case. When it is desired that the 
two doors should be independently operated, the longitudinal shaft 
h is made in two parts, adapted to be connected by a clutch n of 
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tred positions so that when, in the next step of the process, the 
insulating material in a plastic state is run inside the joint, such 
material will find and fill all spaces and will also flow about the 
cores »o, into the bolt-holes 3 and 4, with the result of forming 
an integral insulating bolt sleeve 12, within the bolt-hole 3, in the 
rail web, and integral insulating bolt thimbles 13, within the bolt- 
holes 4 of the side plates. After the insulating material has set 
sufiicientlv, the temporary cores 10 are replaced by the joint bolts 
2, which niay be supplied at their ends with insulating washers 14. 
(Accepted ^th June, 1908.) 

Signal Lamps. 23,46';. 16th November, igoy. W. 
II, J. Welch, 33, Lichfield Road, Bow. 

This invention provides for the ready removal and insertion of the 
lantern glasses or windows of hand signal lamps, and also pro- 
vides means for preventing rattling or displacement of the lamp 
reservoir. The revolving cylinder which carries the variously 
coloured signalling glasses a is made with a shallow channel h 
at its lower end and a channel c at its upper end deep enough to 
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enable the lower edges of the glasses when pushed upwards into 
the channel c against the springs d seated in the groove to pass 
over the ledge M of the channel h within which they are firmly 
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but removably secured by the reaction of the springs d. The base 
of the oil reservoir e has springs / on its under side which are 
compressed against the base g of the lamp casing when the revolv- 
ing casing is inserted and held in position in the outer casing by 
the spring latch /i, the lower channel h of the revolvable casing 
engaging the projecting rim e^ of the base of the oil reservoir. 
{Accepted 25//; June, 1908.) 

Semaphore Signals, iji, 2nd January, igoS. U, 
R. Mott, " Hillcrest," Elmbourne Road, Ipper Tooting, 
Surrey. 

This invention relates to signals or semaphores, and has for its 
object to prevent the drooping of the arms of such signals caused 
by the collection of snow or other like cause. Two locking bars 
a b are provided, sliding vertically in guides c f, secured in any 
convenient ix)sition on the signal post d. These bars are connected 
at their lower ends by means of a lever e, to which the rod /, con- 
necting to the counter-weight g is pivoted. One of the bars a is 



continued upwards and fixed to the rod h, which is connected to 
the signal arm fe, and operates that arm in the usual manner. 
The other bar b is adapted to slide upwards through a short dis- 
tance until its stop I comes against the guide bracket m. The two 
bars a b are provided with notches o p, adapted to engage with a 
cross piece q, sliding horizontally. When the signal k is at the 
" danger " position and the counterweight g is in its lowest and 
normal position, the cross piece a engages with a notch in the bar 
a, and locks that bar and, therefore, the signal arm in the ** dan- 
ger " position. The other end of the cross piece q then tests 



against the flat part of the second bar & ; on an upward movement 
ot the counterweight g taking place, the second bar b moves 
upward until its notch p comes opposite the end of the cross pit»ce 
q, and when in this position the bar rests against its stop and 
cannot move further in the vertical direction. The further move- 
ment upwards of the counterweight operates the signal arm and 
lowers it. It will be seen that when the signal arm is in the 
** danger " position the cross piece q is prevented from moving 
from the notch in the bar a connected to the signal by reason that 
its opposite end is against the flat surface of the second bar t, and 
the two ends of the cross piece and the notches in the bars are so 
formed that the movement of the cross piece is eflfected by the 
movement of the bars in the vertical direction. The rod / con- 
necting to the counterweight is preferably fixed to the middle of 
the link <», joining the lower ends of the two bars a b, and on the 
lirst movement of the counterweight this link turns about the 
lower end of the bar cr, while on the further movement of the 
counterweight the link turns about the lower end of the bar b. On 
the return of the signal to the ** danger ** position by the lowering 
of the counterweight, the bar a first falls to stop /, and then bar b 
to stop II, forcing cross piece q again into the notch o in the bar 
cormected to the signal, and locks the latter at the ** danger '* 
position. (Accepted iHth JunCy 1908.) 

COMPLKTE SPECIFICATIONS ACCEPTED. 

A.D. 1907. 

10455. Auloniatic apparatus for Jitopping trains. McCollum. 

12472. Means for signalling and stopping railway vehicles. Willis. 

12485. .Apparatus for operating switch points and signals. Johnson. 

13032. Systems for eleciric railways. Eastwood. 

13706. Railway embiinkment cleaners. Persson. 

141H3. Eleciriial signalling system for railways and apparatus 

therefor. Enderlein, Landwehr and Schulz. 

14390. Spark arresters for locomotives. Ilubner. 

145 18. Signalling or alarm apparatus for railways. Boult. 

145 19. .Signalling apparatus for railways. Hoult. 

14572. Means for electrically detecting the position of the switch 
tongu»»s and locking bolts of railway points. Haywood, and McKeii«ie 
and Holland, Ltd. 

14761. Mechanism for operating the sliding doors of sel (-discharging 
railway and other wagons. Sheflield and Twinberrow. 

15)07. Air brakes. Van Dvke. 

16659. Railway fog-signalhng apparatus. Treacher. 

17 165. Locomotive engines, (iarratt. 

17941. Ventilator for railway carriages. Layrock. 

18452. Automatic fog signal alarms for railways controlled by distant 
signal levers in the signal cabin. Wootton and VVootton. 

J959^« Dust excluder for railway and tramway axle boxes and the 
like. I)emolder. 

20487. Windows for railway carriage doors, tramcars, vehicles, and 
other purposes. Le Maitre. 

20510. Brakes for railway and other vehicles. Simpson. 

2 1 24 1. Device for automatically locking and unlocking railway car- 
riage doors. Eckersley. 

24056. Railway and tramway guide and bearing rails, bars, or 
plates, and rolling stock fittings for same. Thomas. 

24362. Axle trucks of railway and tramway vehicles. Barber. 

25351. Railway signalling. Jones. 

25467. Railway hand-signalling lamps. Welch. 

25616. Indicators for conveying signals to the drivers of a locomcK 
tive. Barnett. 

26(>2i. Signal and point mechanism. Cumont and Compagnie de 
Signaux Electriques pour Chemins de Fer. 

27292. Means for fastening in position railway spikes. Lakhovsky. 

28256. Automatic car couplings. Buchmeier and Zimmermann. 

28273. Cord grip for railway wagon, tarpaulins, and the like. 
Spence and Spence. 

28420. Railway trucks or wagons. Lambert. 
A.D. 1908. 

131. Railway signals and the like. Mott. 

1914. Train controlling mechanism for automatically applying the 
brakes. Thompson. 

2488. Insulated joints for railway rails. Wolhaupter. 

2614. Ash-pans for locomotives and the like. Wilson and Goldie. 

3471. Apparatus for signalling on railways and stopping trains inde- 
pendently of the driver. Jacqucmin and Engels. 

3857. Lavatory basins for railway and like coaches. Beresford. 

4831. Electrical block apparatus or the like for railways. Sieinens 
Bros, and Co. 

5492. Railroad rail-brace. Ropp. 

Detonating railway fog signals. Ludlow. 

Device for stopping railway trains. Forsler. 

Insulated railway rail joists. Wolhaupter. 

Railway and tramway wheel*?. Kitson. 

Means for opening and closing carriage windows. Schiel and 



5594- 
6032. 

7374- 
75«3- 
7979. 
Sohwank 

7913. 
8149 



Railway fog-signalling apparatus. Parker. 

Apparaus for signalling on railways and f«>r stopping trains 
independently of the drivers. Enk. 

10394. Mechanism for electrically operating railway and like signals. 
*^'emens Bros and Co., and Ferreira. 
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Official Reports on Reoent Accidente. 

Bitwem Waterford «nd Kiltneadon, Q.8. ft W.R. On ijlh 
December, Li^-CoL P. G, von Denop^ R,E,^ rep^rU that :— 

The 7 p.m. passenger train (6 coupled engine, tender and 9 vehicles 
fitted with the vacuum brake) from Waterford South to Mallow, ran into 
two wagons at a speed of between 40 and 50 miles an hour. One pas- 
senger was slightly injured. One of the wagons was destroyed. 

There are t«io stations at Waterford on the north and south sides 
of the Suir. The collision occurred about a| miles from Waterford 
South, on the single line from Waterword South to Dungarvan, and at 
a point situated t| miles from Waterford South is Grace Dieu Junction. 
A single line has recently be^n constructed to connect Waterford North 
with the Dungarvan line and which crosses the Suir Dy a bridge, and 
connects with the Dungarvan line at Grace Dieu Junction. 

The gradieat from Waterford South to Grace Dieu Jun. mostly 
rises chiefly at i in 70 or i in 81. After passing Grace Dieu Jun. 
the gradient falls for about \\ miles chiefly at 1 in 81. It is then level 
for about \ a mile, and it was on this level portion that this collision 
occurred. 

The driver wat in possession of the staff. There was no light at the 
rear end of the wagon, and as it was quite dark at the time driver 
Geaney could not have been expected to have sighted the obstruction 
sooner than he did. The brakes acted well. Every evening a shipping 
*rain is run from Waterford South to Waterford North to connect with 
the train to Rosslare. 

It appears to have been customary in working this train from Water- 
ford South to Waterford North for the vehicles to be pushed by the 
engine from Waterford South to Grace Dieu Jun., and for them to be 
then drawn by the engine from that Junction to Waterford North. This 
practice is distinctly at variance with Rule No. 179, which states that 
engines arc n»;ver to push trains upon running lines except under certain 
conditions, none of which obtained on this occasion. 

The marshalling of the train was then carried out by head porter 
0*Flaherly, and it was also witnessed by shunter Kirby, who had come 
with the engine from Waterford North, and who was to act as the guard 
of the shippmg train. 

All the vehicles were fitted with the automatic vacuum brake, but, 
owing to the fact that there was no vacuum brake pipe at the front end 
of the engine, that brake could not be made any use of. Kirby states that 
he himself coupled up the engine to the wagon standing next it, and 
that he saw O'Flaherly couple up the other wagons. O 'Flaherty, on 
the other hand, states that he himself did not couple up any of the 
wagons together, but that he saw Kirby do so. Both men therefore 
deny having coupled up the two pairs of wagons together, and, though 
Kirby states that before starting he saw that all the wagons of his train 
were coupled up, there is not the slightest doubt but that the coupling 
between Che second and third wagons was never made at all. 

No van was attached to the train. In connection with this point 
shunter Kirby slates that he has been travelling regularly on this train 
for twelve months and that he has never seen a brake van on it ; driver 
Biganne states that he has been working the train for upwards of ten 
months, and that it has sometimes had a brake van on it and some- 
times not. This practice is also distinctly at variance with Rule No. 
207, which states that without special authority of the superintendent 
of the line no goods train must be run on any running line without a 
brake van in (he rear, and that, when so authorised to run, a man 
provided with the necessary signals must ride on the last wagon. 

A red light was fixed by shunter Kirby on the leading end of the 
heading vehicle of the train to act as a head light, and a red lamp 
was also attached at the rear end of (he tender to act as a tail lamp. 
It is customary to use a red light as the head light of this train whilst 
it is bein^ propelled to Grace Dieu. The Co. does not appear to have 
any definite regulation as to what lights should be carried as a head 
light on a train which is being pushed; there can, however, be no 
doubt that the leading vehicle should carry the same head lights as 
would be carried by the engine of the train if it was drawing it instead 
of propelling it. To carry a tail light as the head light of a train, as 
was done on this occasion, is manifestly wrong. 

The train accordingly started from Waterford South, Kirby riding, 
however, on the footplate of the engine. The train slowed down when 
passing the Waterford South signal-box in order to get the staff of the 
section, but it did not come to an actual stand there, and it then pro- 
ceeded to Grace Dieu Jun. 

As stated above the gradient from Waterford .South to Grace Dieu 
Jun. is practically a rising one the whole way, but immediately 
beyond that junction it changes to a falling one. The Shipping train 
ran through the junction past the signalling box and driver Biganne 
brought his engine to a stand just beyond the points of the connection 
leading to Waterford North. There is no doubt that when the engine 
came to a stand at this spot the two leading vehicles of the train, 
owing to their not being coupled up to the remaining vehicles, did not 
come to a stand at all, but ran on with sufficient impetus to carry them 
over the summit ; the gradient then being a falling one, these two 
wagons continued to run on until they finally came to rest at the spot 
where the collision took place. 

At Grace Dieu the signalman (Gaule) told the driver that his head 
light was out, and the fireman re-lighted it and changed it from a red 
to a white light so as to act as a head light, and, the staff having been 
changed, the train proceeded to Waterford North, Kirby never left the 
footplate of the engine, and it is evident that he did not take any steps 
to ascertain whether his train was complete. A red tail lamp had, as 
Slated above, be^n used as the head light of the train whilst it was 



being propelled ; that lamp dkl not therefore require to be changed 
when it became the tail light of the train, and Kirby had not therefore 
Co go to the rear of the train on that account. Had a proper head 
light been fixed on the train Kirby should have changed it to a tail 
light at Grace Dieu Jun., and when doing so he would have dis- 
covered the fact that two of his vehicles were missing. 

Signalman Gaule states that after giving the driver the staff he 
returned to the signal-box, and on arriving there he noticed that there 
was no tail light showing on the rear vehicle of the train, but he 
states that it had then proceeded too far for him to stop it. The steps 
which a signalman should take when he is unable to satisfy himself 
that a train which passes his box is complete are very clearly laid down 
in the regulations for block working, but Gaule omitted to take any 
action in accordance with these instructions. He neglected to send the 
*• Train passed without tail lamp ** signal to Waterford West signal-box 
and, without waiting to ascertain whether the train was complete or 
not, he sent the ** Train out of section ** signal for it to Waterford 
South, and at 6.50 p.m. he accepted the 7 p.m. passenger train from 
that box. The passenger train arrived at the junction at 7.4 p.m., and 
after exchanging staffs proceeded towards Kilmeadan, coming into 
collision, as described above, with the two runaway vehicles of the 
shipping train. 

As it passed the Waterford West signal-box, signalman 0*Rourke 
saw that there was no light on the tail end of the train, and he 
accordingly at once rang up Grace Dieu Jun. and asked Gaule how 
many wagons there were on it when it started from the junction, 
(iaule replied that there had been two wagons on the train when it 
left the junction, and that it was all right about the tail lamp, as there 
had been none on the train when it passed his box. This conversation, 
which took place about 7 p.m., was clearly the first occasion on which 
Gaule communicated to anyone the fact of there not having been a tail 
lamp on the train. 

When the shipping train arrived at the check platform shunter 
Kirby discovered that two of the wagons of his train were missing. 
He at once went to the signal-box and instructed signalman O'Rourke 
to warn signalman Gaule of what had happened, so as to stop the 
7 p.m. passenger train from Waterford South. The message, however, 
arrived just after that train had left the jimction, so it was then too 
late to take any steps to prevent the accident. 

It appears, however, from the evidence, that the irregularities in the 
working of the shipping train were not exceptional ones. It is these 
continued irregularities which should be regarded as the primary cause 
of this accident. The ofllicials responsible for the working of the local 
traffic between Waterford North and Waterford South should certainly 
have known of these irregularities, and should have put a stop to them. 
It is on them, therefore, that the responsibility for this accident must 
greatly rest. 

At Maynooth Station, M.G.W.R. of I. On 13th March, Maj^r 
y. W, Pringle reports that x-- 

The midnight up mail train (4-4-0 engine, tender and 15 vehicles) 
from Galway to Dublin ran into an empty four-wheeled covered cattle 
wagon at a speed of about 30 miles an hour. The left-hand end of 
the buffer beam of the engine first came into contact with the wagon, 
and probably threw its leading end against a bank. The front six 
vehicles behind the engine scraped past the obstacle without serious 
damage, and escaped derailment. But the wagon was driven forward 
by successive blows received from the passing vehicles, and got jammed 
between them and the bank, which was gashed at three or four different 
places. The last 9 vehicles therefore suffered more severely than the 
first six. The body was swept clean off the 9th vehicle ; the loth was 
overturned, and the other vans and carriages were either wholly or 
partially derailed, and their framing much damaged. 

The guard, who was riding in the 9th vehicle, was killed ; a P.O. 
official and a spare guard, travelling home *' off duty *' in the last 
brake van, complained of injury. 

The train was fitted t^hroughout with the vacuum brake working 
blocks on the four coupled, 6 tender, and 60 out of the 78 truck and 
coach wheels. 

Maynooth Station is about 14^ miles from Broadstone (Dublin) 
terminus. 

1 here are two cross-over roads between the main lines, one at each 
end of the station yard. From the up main line access is provided, by 
two sets of trailing points, to two separate sidings. Of these, one is 
known as the up goods siding, and has a length of 55 yards, terminating 
at the eastern end of the up platform. The other, termed the up cattle 
bank siding, extends for a distance of 300 yards westward of the plat- 
form and parallel with the up main line. The cattle wagon with which 
the mail train came into collision was standing outside the safety points 
on this cattle bank siding. 

This accident took place on a dark night, an hour or two after the 
moon had set. the mail train was not booked to stop at Maynooth, 
and that there were no lights burning about the station, in (he signal- 
t)Ox and on the signal posts. 

The wagon stood foul on the left of the line and was not lighted ; 
the train approached it on a left-hand curve and all the signals showed 
a ** clear ** road. Wilson, the driver, standing on the right-hand side of 
the foot plate, saw nothing of the obstruction before the collision took 
place. 

The I a.m. down goods from North Wall, Dublin, had 5 goods wagons 
to be dropped at Maynooth. and in accordance with custom had to be 
placed in the up goods siding at the east end of the up platform. The 
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wagons were therefore uncoupled, and drawn ahead clear of the eastern 
cross-over road. The engine was unhooked and ran round the wagons 
by the two cross-overs. Lennon (guard) then found that there was only 
room in the up goods siding for a of the wagons. Madden (iugnal man), 
on being informed of this, told Lennon to put the fifth wagon into the 
up cattle bank siding at the west end of the platform. He added that 
before doing this it would be necessary to lift an empty cattle wagon 
out of this siding, and keep it in front of the loaded goods wagon, as 
the cattle wagon was required in the morning. 

.Accordingly the engine propelled the loaded ^oods wagon into the 
up cattle bank siding, where Lennon coupled it to the empty cattle 
wagon. The two wagons were drawn out on to the main line, and the 
cattle wagon shunted clear of the points leading to the cattle bank 
siding. Lennon then uncoupled the goods wagon, which was loose 
shunted into the cattle bank siding. The engine ran out of the siding, 
and then forward on the up main line to where the cattle wagon was 
standing. Lennon coupled it to the engine and it was drawn forward 
clear of the siding points. The wagon came to rest eight or ten yards 
east of the points, and Lennon again uncoupled it. On each occasion 
that the points required to be set or reversed. Madden worked his lever 
in the signal-box in obedience to a whistle from the engine. The engine 
then shunted the cattle wagon into the siding, and came to a stand 
10 yards inside the points. Lennon during this operation was standing 
opposite the points, and followed the wagon after the engine stopped, 
until he saw at pass over the catch points into the siding, and then came 
back to the engine. Lennon may possibly be mistaken in thinking he 
followed the wagon as far as the safety points. It was of course quite 
dark, and he had only his hand lamp to light him. On returning to 
the engine Lennon mounted the bottom step, and the engine returned 
to iis train, passing the signal-box on its way. As the engine passed 
Lennon shouted to the signalman to shut up the cattle bank points. 
Madden replaced his lever, and must have done so immediately, other- 
wise the interlocking would have prevented him from setting the points 
of the east cross-over road for the engine to return to its train. 

TJie goods train then drew forward to the down platform, and the 
driver w.itered his engine. The water column is situated at the west 
end of the down platform, about 65 yards from the spot where the cattle 
wagon stood when the collision occurred. Whilst the tender was filling, 
signalman Madden and guard Lennon were engaged in loading five bags 
of meal from the down platform on lo the goods train. The goods train 
finally left Maynooth at 4.17 a.m., and Madden returned lo his post 
at 4.19, crossing the permanent way opposite his signal-box. On his 
return the bell signal for the approach of the mail train was received, 
and the collision took place at 4.25 a.m. 

Conway and Lennon, when their train started, must have passed wiihin 
15 or 18 feet of the empty cattle wagon, as it stood foul of the up line, 
but it is evident they did not look in its direction, or they would have 
noticed its position. 

There appear to be only two alternative explanations for the position 
of the empty cattle wagon when the accident occurred : — (a) The velocity 



With the exception of special cattle trains during fairs, only one goods 
train works at Maynooth during night. When special trains, involving 
additional shunting, are worked, extra assistance is provided. Occa- 
sional supervision of the manner in which shunting operations are carried 
out at this station during the night time is desirable. 

^/ Willesden (High Level) Sutton, L. ft N.W.R. Om tk* nth 

Nw$mh4r, Li,'C0l, ff, A. Yorke repot ts that :— 

The North I«ondon train from Richmond was run into by a L. and 
N.W. light engine, which was travelling In the opposite direction along 
the same line of rails. The drivers, firemen, and guards and i^ pas- 
sengers were injured. 

The two engines, which were a good deal damaged, became buffer- 
locked, and the couplings between the train engine and its train were 
broken. The engines were separated from the train by two coach 
lengths ; the front van was smashed ; the carriage next the van badly 
damaged ; and all the others slightly damaged. 

The collision occurred near the middle of the up high level platform. 
A plan of the place is attached. A dense fog prevailed at the tin)e of 
the accident, and the fogmen were at their posts. 

The light engine arrived at Willesden at 5.23 p.m., and was stopped 
at the High Level Junction home sigmil, which is at the west end of 
the station, and also at the platform starting signal at the east end, 
the fog rendering it necessary to stop in order to see whether the 
signals were oflf. Howes then took his engine forward to Kensal Green 
Junction for the purpose of returning to the locomotive shed. Usually, 
engines coming from Kew reach the locomotive shed through the sidings 
at the west end of the station, but sometimes, as on the present 
occasion, it is more convenient for them to pass through Willesden 
Station and get to the shed vid Kensal Green Junction. 

The light engine passed Kensal Green Junction signal-box at 5.27 
p.m., and driver Howes called out '* Loco.'* to the signalman as he 
passed the box, meaning thereby that he wanted the points set for him 
to proceed to the locomotive shed. 

When Howes first stopped his engine at the eastern end of the 
cross-over road he thought he had gone too far, and so he set back 
towards the junction until, as he guessed, he was near the eastern 
extremity of the cross-over road. But there is no doubt that owing tn 
the fog he again misjudged his position, and came back too far, and 
instead of stopping near the points of the eastern end of the cross-over 
road, he stopped near the western, i.e., the Willesden end of it. Under 
these circumstances, the disc signal which he saw was that which 
related to a movement in the opposite direction to that which he had to 
make, and it of course was not pulled off. When, therefore, he set 
back in answer to the signalman s shout, he was altogether clear of 
the cross-over road, and did not pass through it on to the down line 
and thence on to the down City goods line, but simply returned along 
the up line. He must have been very unobservant, for not only did 
he not notice the absence of the inevitable lurch of the engine which 
would have occurred had he passed through the cross-over road and the 
junction, but he also failed to hear the explosion of the detonator which 
the fogman had placed on the up line alongside of the junction home 
signal, which signal was at danger ; and, in spite of many other local 
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attained by the wagon, when the engine stopped pushing It, may not 
have been sufficient to carry it round the curve inside the safety points. 
Or, (b) it attained a considerable speed, and striking the goods wagon 
previously shunted into the siding may have rebounded so that it stood 
foul of the main line. 

Whichever alternative be correct, the Co.*s Rules and Regulations 
show clearly that the responsibility for the position of the wagon outside 
the safety points of the siding rests with guard Lennon. It was his 
duty. Rule 225 (a), to see the points properly closed. After following 
the vehicle over the safety points, and if necessary putting down the 
brake in accordance with Rule 19 (a), he should have come back to 
the safety points and seen them properly closed before leaving the place. 
It is probable that owing to the train being late, and to the further 
delay caused by having to shunt the empty cattle wagon, he hurried 
over his work. He had been on duty about 3^ hours, and had been off 
duty for 21 hours previously. He bears a good character, and there 
Is no record against him in the discipline book. 

As regards lighting. Rule 5 made by the Board of Trade in connec- 
tion with the Railway Employment (Prevention of Accidents) .Act, 1900, 
reads as follows : — 

*' All stations and sidings where shunting operations are fre- 
quently carried on after dark must be sufficiently lighted.*' 




indications, which, had he been on the alert should have attracted his 
attention, he did not become aware of the fact that he was on the 
wrong line until he reached the station and saw the North London 
train close in front of him. He had been on duty about 2 hours. 

Signalman Alcott showed a want of discretion in shouting to the 
driver to come back, without having first ascertained what was delaying 
him. Had he sent fogman Sharman to see what was wrong. It is pro- 
bable that the position of the engine would have been discovered before 
it started on its return journey. Orders conveyed to drivers by shouting 
are always liable to be misunderstood, and this Is especially the case 
in time of fog. His shouting to the driver was due to his anxiety to 
clear the road for the N.L. train. 

It has been decided to lay in a cross-over road between the up main 
line and the down City goods line immediately opposite the Kensal 
Green Junction signal-box. This will enable the movement of engines 
from the up main to the down City goods line, on their way to lh« 
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locomorive shed, to be made under the immediate view of the signalman. 
It will also have the advantage of saving delay, and should prevent any 
repetition of a mistake such as that which occurred on this occasion. 



At Bolton, L. St Y.R. On March \(tth, Lieut.-CoL E. Druitf, A\E., 
reports that :— 

The 6.57 a.m. train from Liverpool ran into the rear of the 7.27 a.m. 
train from Blackburn. Three passengers complained of injury. 

Approaching Bolton Station the up line from Blackburn runs from the 
northward, and the up line from Liverpool direction from the wes ward, 
and Bolton West signal-box is in the angle between them. 

The 7.27 a.m. ex. Blackburn arrived at Bolton at 8.10 a.m. and was 
turned by signalman R. Nelson as usual on to the up main platform 
line, the tail van of the train being about 70 yards from the end of the 
platform. At 8.10 a.m. Nelson was offered the 6.57 a.m. train ex. 
Livetpool from BuUfield East signal-box, and at once accepted it. He 
had offered it to the up box and it was accepted by that signal-box on 
the up loop line, which runs on the other side of the up platform, at 
8. 1 1 a.m., and it arrived at 8.13 a.m. Nelson, however, though sending 
the block signals for this train to run on the up loop line, did not set 
the road for ihr up loop line, and lowered the up main line signals, so 
the Liverpool train was turned on to the same platform line as that on 
which the train from Blackburn was standing. 

Owing to the sharp curve in the line approaching the station and to 
an overbridge there is not a good view for any distance for a driver 
upproiiching Bolton from the north, so neither driver ]ohnson nor his 
fireman were able to see the train in front in time to quite stop their 
train before it collided with the tail of the I rain from Blackburn. 

Nelson is an experienced signalman with an excellent record, and had 
been on duty for 2{ hours after an interval for rest of 12 hours. 



At Seacombe and Bgremont, W.R. On tfU ^h anJ 6'h March. 
Lt.-Col. S, Drmit, /?.JP., reports that :^ 

The Gt. Central R.*s 6.5 p.m. passenger train from Seacombe to 
Wrexham was partly derailed. Two passengers complained of injury. 
The train consisted of a 6-coupled tank engine with a trailing radial 
a.\le, fitted with the automatic vacuum brake, and 5 vehicles — four 
with six wheels and one with four wheels. Weight of engine 59 tons 
18 cwt., and fixed wheel base ie)ft. bin. 

1 here was also a passenger train derailed at the same spot on the 6th 
March, viz., the 8.55 p.m. Seacombe to Wrexham, consisting of a 
4-coupled tank engine with a leading bogie and trailing pony truck 
fitted with the steam brake on the four coupled wheels, and of five six- 
wheeled coaches fitted with the vacuum brake on all wheels with the 
exception of the centre pairs. Weight of engine 66 tons 12 cwt. The 
carriages derailed were the fourth and fifth. 

'ITic three platform lines at Seacombe Station run approximately east 
and west, and No. 3 platform, from which the derailed trains started, 
is on the north side of the others. It is 498 feet in length. The starting 
signal is just bevond the western end of the platform. This platform 
is used for both the arrival and departure of tramH, so there is a through 
connection from this line to the down main line crossing the up main line. 
The points facing to trains leaving No. 3 platform are just ahead of the 
starting signal at the west end of the platform, and are known as 
No. 17; they are provided with the usual facing point lock and lock bar. 
Just before reaching the facing points the platform line is on a curve 
to the left (for departing trains) of 640ft. radius, and with a super- 
elevation of the outer rail of 2| inches. The switch rails are r2ft. in 
length, and are connected to the fixed rails at their heels by fishplates 
and bolt<$. Beyond the facing points the radius of the outer rail of the 
turnout leading to the down main line is successively 909ft., i,^o67ft., 
960ft.. 873ft. ^ 5i5f^'> 343ft** and 300ft., for a total distance of 90ft. The 
••uper-elevation of the outer rail at the facing points is 2\ Inches, diminish- 
ing gradually to i| inches in a distance of 54ft., and dies out near the 
crossing of the up main line 50ft. further on. 

The driver of the train, C. Craven, also states that, on examining 
the rails after the accident, he found the fishplate t>olts connecting the 
right-4iand switch rail to the fixed rail quite loose, and the inner edge 
of the butt end of the fixed rail projected inside the inner edge of the 
h<^l of the switch rail. His evidence as to this is supported by that 
of guard Roberts, of the Ot. C. train, and also by that of W. Martlew, 
locomotive foreman of the Wirral R., as regards the projection of the 
butt rail inside the heel of the switch rail. Mr. T. B. Hunter, the loco- 
motive superintendent of the Wirral R., also examined the joint a few 
hours after the derailment, and states that the projection of the end 
of the butt rail inside the heel of the switch rail may have been |in., 
and that he could see the mark where the flange of a wheel had struck 
the rail and begun to mount just at the end of the butt rail. 

He also suggests that the strong wind blowing at the time broadside 
on to the coaches helped the leading right-hand wheel of the four- 
whetled coach to bind against the rail and gradually mount it. Some 
days after the accident no mark on the butt end of the rail which could 
positively be stated to be caused by a flange striking it could be seen, 
as it was a cut rail, and the end had "ievrral marks possibly made when 
the rail was cut. The inner edge of the head of the rail was very 
bright and polished, showing, ai might be expected from the sharp curve 
of the turn out, that the wheel flanges are pressed very tight against 
it. The right-hand switch rail was also considerably worn on the sur- 
face and was appreciably lower at the head than Che top of the butt 



rail adjoining. The small worn patch at the end was formed by the 
treads of the wheels striking the end of the rail as they jumped on to 
it from the lower switch rail, and had been a gradual process. The 
speed of the train was probably lo miles an hour or more when the four- 
V'heeled carriage reached the point of derailment ; the engine would then 
have travelled some 125 yards from where it started, and was a powerful 
tank engine with only five light coaches behind it weighing to'gether 
on^y 59 tons, and, according to the fireman's statement, it ran 70 yards 
after the driver applied the brakes when he felt the pull on the engine. 
On examination of the derailed coaches there was nothing fourd to 
account for the derailment. The leading pair of wheels of the four- 
wheeled coach, the third from the engine were the first to be derailed, 
caused probably by the jump the right-hand wheel would make on 
coming on to the butt end of the fixed rail, possibly helped by a tight 
coupling between the second and third coaches. The flange of the right- 
hand wheel would be pressing hard against the right-hand rail, and 
would tend to mount the rail, and the higher the speed the greater 
would be the combined effect of the several causes. The possibility, of 
a tight coupling is shown by the absence of any permanent flange mark 
on the head of the rail, and the very slight damage done for the first 
64 yards beyond the point of derailment, viz., three chairs broken ana 
a check rail displaced opposite the V-crossing in the up line. Also the 
driver felt no pull on the engine until he reached the Luke Street over- 
bridge 100 yards ahead of No. 17 points, from which it would appear 
that the leading end of the third coach was held up by the second. 

The second derailment took place two days after the first at 8.58 p.m. 
on the 6th. The damaged permanent way had been replaced on the 
previous day, the 5th, and the crossing had been in use during the 6th. 

The train consisted of five vehicles, and the fourth and fifth were 
derailed, the fifth also becoming detached from the fourth, severing the 
brake pipe connection and pulling up the train, the rear being only 
25yds. beyond the point of derailment. There was about 5ft. between 
the fourth and fifth coaches. The driver and guard examined the rails 
soon afterwards and found the mark of a flange close by the end of ihr» 
fixed rail at the heel of the right-hand switch rail, showing where the 
derailment had occurred, which was the same spot as the derailment 
of two days earlier. 

Mr. Whittingham, the district carriage inspector G.C.R., also gavo 
evidence tis to the condition of the joints between the fixed rail and the 
switch. At II a.m. on the day of this derailment, when he came to 
Seacombe to enquire into the derailment of the 4th, he states he found 
the inside edge of the end of the fixed rail projecting no less than f inch 
inside the edge of the heel of the switch rail, and the fishplate bolts very 
loose. He says he did not call the attention of the Wirral Co.'s staff 
to this, as he was not a permanent way man, but only had to do wi h 
the rolling stock. The causes of this derailment may be assumed to be 
somewhat similar to those of the previous one. 

The Wirral Company have now put a speed restriction of five miles 
an hour for trains entering and leaving this station, which is a desirable 
precaution to take. 

¥t 

A^Air Wembley Park, G.C.R., on March 14M. Major J, W, PringU 
reports that : — 

The 7.30 p.m. down train (Marylebone Station to Leicester), con- 
sisting of a 4-4-2 engine and tender and 5 bogie coaches, was derailed. 
The train was divided between the tender and the first coach. The engine 
was on the rails ; the tender wheels were derailed towards the six-foot 
way (right-hand side) ; 290 yards behind the engine, the 5 coaches, with 
couplings intact, stopped on the left of the road. The first coach was 
half-way down the low embankment, resting on its left side, and sup- 
ported in that position by trees and the railway fencing. The last coach 
was standing on its wheels on the edge of the formation. The three 
middle coaches occupied intermediate positions at varying angles, some 
of them being also partially supported by the branches of trees. Four 
passengers suffered from violent shaking, and one from cuts on the face. 

The train was fitted with the automatic vacuum brake to all wheels 
blocked, and the engine and lender with a steam brake, automatically 
controlled by the tram pipe vacuum. 

About 475 yards of permanent way had to be relaid, nearly all the 
chairs being broken, and many sleepers destroyed : no rail or fishplate 
was broken. 

This derailment took place on the down main line, between Brent 
North Junction and Harrow South Junction, in close proximity to 
Wembley Park Station (Met. R.). The line is straight for a length of 
195yds. west of Brent North Junction signal-box, when a left-hand §och. 
curve is followed by a tangent 107yds. long, when there is a right- 
hand 40ch. transition curve. 

From Ncasden South Junction on the down line the road is practically 
level for 790 yards, then falls at 1 in 565 for 433yds., then rises for 
I in 620 for 366yds., then at i in 200 for 35Syds. 

The first sign of derailment was found about 357yds. west of Brent North 
Junction signal-box. This spot iS) is 162yds. from the commencement 
of the left-hand sochn. curve, and on the up gradient of i in 200. Here 
almost in the centre, and on the inside edge, of a right-hand rail, a 
mark began to ^e visible. It ran almost in a dead straight line diago- 
nally across the rail head, over the first joint, and finally disappeared 
on the outside edge of the rail, about 30 feet from its commencement. 
1 he mark was of very even width, dark in colour as if caused by a 
greasy flange. If rubbed with the finger most of the mark could be 
dissipated, and only a very slight score on the rail head remained visible. 
The mark was almost exactly paralleled on the left-hand rait, where. 
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however, it was less distinct and lighter in colour. Beyond these marks, 
the outside bolt heads of the second, fifth, and sixth fishplates of the 
right-hand rail, counting from (A), were sheared off, and the plates 
found loose. Most of the keys were splintered, and some of the chairs 
cracked through their bases for a distance of si rail lengths (55yds,). 
Verv evidently one or more wheel flanges rode over these keys. Along 
the left-hand rail the outsides of the inner jaws of most of the chairs 
were marked with cuts or scrapes, and there were cuts also on some 
of the bolt heads; 65yds. from (A) the permanent way was broken up, 
the chairs and sleepers being badly crushed or broken. Four lengths 
of the left-hand rail had disappeared and were eventually found under 
the coaches. The trailing end of the rear coach came to rest 102yds. 
from (A) on the left-hand edge of the formation. The leading end of 
the five derailed coaches was iqiyds, from (A). An interval of 200 yards 
separated the fore end of the tender, when it came to rest, frt»m the 
nearest coach. Over the whole of this length nearly every chair under 
both rails was broken, and the sleepers scored by wheels running in the 
four-foot and six-foot ways. The right-hand rail was displaced nearly 
the whole of this distance, but the left-hand rail was not found so much 
out of position. The tender stood with all its wheels derailed towards 
the right of the road. The permanent way in front of the tender, where 
the engine stood on the rails, was quite undamaged. 

The permanent way consisted of steel rails, in 30ft. lengths rolled 
in 1897, laid in 1899, and then 861bs. per yard. After the accident the 
weight was found to be 83 to 83ilbs. per yard. The chairs weighed 
39ilbs. apiece, with a bearing area of 78 sq. ins. There were 1 1 sleepers 
to the rail length. Some few of the original chairs had been replaced 
by new pattern chairs weighin^^ 53lbs. each, with a bearing surface of 
124 sq. ins. The fishplates (clip pattern) weighed 4Slbs. per pair, and 
were fastened with four bolts. The ballast is gravel, varying in depth 
under the sleepers from 6 to loins. 

The superelevation on the 50 chain curve was about 3 inches. 
The total length of the train was 326ft. 9in., of which the engine and 
tender occupied 61ft. lojin. Tender wheel base 13ft. The weights were 
on engine bogie i6| tons, on coupled axles i8i tons, on trailing axle 
18 tons; tender on leading axle 13^ tons, on middle axle 14 tons, on 
trailing axle 14 tons 3 cwt. Weight of 5 coaches 138 tons a cwt.— average 
27 tons 12.4 cwt. 

The total length of the train was about 109 yards, so that the whole 
train was travelling on the curve at the moment derailment occurred. 

The speed of the train passing Brent North Junction, 357 yards from 
(.A), is estimated by the train men at 30 to 35m. an hour, but 45m. was 
mere probably the speed. The general condition of the permanent way 
warranted a speed of 50 /niles an hour, which should not have been the 
primary cause of the derailment. 

Driver Gallamore, when he noticed that the coaches had broken away, 
released the steam brake on the engine, so as to avoid a possible collision 
with the coaches which he thought were following him. This accounts 
for the long interval between the tender and the coaches when they 
respectively came to rest. 

Ihe tender had five pxle boxes and the right leading spring broken. 
The buckle of this spring, together with the top and bottom plates, were 
found in position after the accident, and were then removed. The top 
plate was broken across through the pin hole ; the bottom plate was bent 
and cracked through three-quarters of its thickness. The fractured sur- 
faces of the top plate were altogether discoloured, and showed no signs 
of freshly broken metal. The fracture was of old standing. The 
exposed surfaces of the crack in the bottom plate also indicated by 
colour and appearance that the greater portion of the fracture was not 
fresh, but there were bright metallic traces along the bottom of the 
crack, which showed that the break had very recently been extended. 
The buckle had evidently been burst open through the top back side, and 
the bright metallic appearance showed a clean fracture of sound metal. 
The pin of the buckle was broken at its lower extremity. 

Subsequently all the remaining parts of the spring were found with 
the exception of one-half of the sixth plate. The spring consisted of 
seven plates altogether. All the broken pieces found on the ground were 
discovered west of (A) at various places from 90 to 250 yards beyond. 
The five middle plates had, like the top plate, been broken across through 
the pin hole. In each case the fractured surfaces shQwed clearly a cup- 
shaped flaw round the pin hole, where the colour of the metal was almost 
black and smooth in appearance. Under and round this flaw the metal 
exposed was, to a large extent, bright and silvery and had been freshly 
broken. The cup-shaped flaw was also discernible in the upper part 
of the crack across the bottom plate. 

The spring buckle is made of Yorkshire iron, the plates of steel. 
In accordance with the Company's standard specification, a tensile 
strength of 22 tons is required for the iron, and from 48 to 50 tons 
(untempered) for the steel. The buckle was manufactured by Messrs. 
Steel, Peach, Tozer & Company, Sheffield, and is stamped " 1906." The 
top plate is stamped with the name of Messrs. Thomas Turton & Son, 
Sheflield, and the date 1905. The remaining six plates are unmarked. 
The holes in the plates for the buckle pin are invariably drilled and not 
punched. The flaws must therefore have been due to natural causes — 
fatigue of material due to continual high stress. The flanges and treads 
of the wheels were in good running order, and were practically un- 
marked. 

Engine No. 363 was built at the Co.*s works at Gorton, .August, 1906, 
and arrived at Neasden, October, 1906. On the 4th October, 1907, the 
spring found broken after the accident was fitted to the tender at Gorton. 
Since this last date the engine had run 26,747 miles. The five coaches 



went through the shops at various dates between May and December. 
They were then lifted, overhauled generally, and had their wheels turned. 

The circumstantial evidence indicates that the first vehicle to leave the 
rails was the tender. The leading tender wheels* mounted the rails at 
(A) and left the parallel marks on the rail heads, keys and chairs which 
have been described. The centre wheels, possibly by reason of the addi- 
tional axle-box play, do not appear to have immediately followed suit. 
But six or seven rail lengths from (.A) they and the trailing whepls must 
have crossed the rails, and completed the destruction of the chairs and 
destroy^ the road. The coaches evidently travelled without mishap over 
the first 6i lengths of rail from (A), as there are no wheel marks on any 
of the sleepers, and then dropped off the road, the leading bogie slewing 
to the left. 

As to the cause of the initial derailment. Some have attributed it 
wholly or partly to subsidence or weakness of the permanent way. There 
is no evidence in support of this opinion. The rails on this section are 
in good order and of fair weight. The sleepers and fastenings showed 
no signs of weakness. In two rrspccts the permanent way is inferii.r 
to a high-class express rt>ad. The chairs are light with a small bearing 
area, and the ballast is not of first-class quality or of suflicienl depth 
below the sleepers, having regard to the clay soil on which it is laid. 
But there were no signs of movement other than a slight out-of-alignment 
of both rails (about Jin.) about four rail lengths before the spot (.A). The 
only rhairs broken wer*» those damaged by derailed wheels. The fact 
thai Ihe heavy engine, with 18^ tons on its coupled axles, travelled over 
the road without injury to its springs and caused no deformation is a 
final answer to this view. 

There is no room for doubt that the top plaie had been broken for at 
least some days. With this broken plate, and the existing flaws and 
cracks as shown on fig. 4, in all the six remaining plates^ the dead 
breaking load of the spring has been calculated by the Company to 
be about eight tons. With all journals equally loaded the actual dead 
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load on the spring was about 5.8 tons. Taking into consideration Ihe 
water load on the tender, and the movement of the train on the curve, 
it is not surprising that a spring in this condition should fail at any 
moment, without any subsidence of the permanent way to cause unusual 
movement or extraordinary stress. 

This derailment was brought about by the failure of the right leading 
spring of the tender, which was in a defective condition when the engine 
started on its journey. The failure of the spring would momentarily 
relieve the journal of^^its load and allow the wheel to mount the rail. 
The broken spring plates would be held in position by the nibbing and 
by the buckle, until the latter was burst open after the derailment by 
the leverage exerted by the hangers at each end. 

The only other matter for consideration is, whether It was possible 
for the defective spring to have been discovered by examination or test 
befcre the engine left the shed. Kitter Swift was responsible for the 
examination of the engine on the day in question. His evidence was not 
given in a very satisfactory manner. He stated that he made hts usual 
visual examination between 3 and 4 p.m., and also tested the spring by 
tapping it with his hammer. He is certain that if the top plate had been 
broken, he would have detected it. It is equally certain that the plate 
was broken, and that cither he could not have made a careful examina- 
tion, or the usual method of examination by sight and hammer is not 
suflicient in all cases to detect such faults. The last alternative may be 
possible, if the buckle, which is shrunk on, be highly stressed, and 
thereby grips the plates tightly*. The case therefore points to Ihe neces- 
sity for more critical examination of springs by periodically testing them, 
or taking them to pieces. 

*Not«. — The pl«y between tht top of the axle-box and the horn plate te 1 ^'16 ins. 
the depth of the flange is 1| ina. 
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Lord Claud Hamiltoti. chairman of the Great Eastern 
R., has joined the Executive Committee of the newly-formed 
Anti-Socialist Union of Great Britain and Ireland, of which 
the tc*mporary offices are at 20, Victoria Street, West- 
minster, S.W. 

Mr. F. C. Mathews, who has been solicitor to the L., 
Tilbury and S.R. for 26 years, has been elected a director of 
the company. 

Mr. Guy Calthrop has been appointed general 
managfer of the Caledonian R. in succession to the late Mr. 
Roller t Millar. Mr. Calthrop is 38 years old. He entered 
the service of the L. and North Western R. at the age of 
16, and in 1S95 he was outdoor assistant to the superin- 
tendent of the line, and in 1901 assistant to the g^eneral 
manager. In 1902 he went to Glasgow as general superin- 
tendent of the Caledonian R. 

Mr. E. J. Neachell has been appointed general 
manager and engineer of the Liverpool Overhead R. in suc- 
cession to Mr. S. B. Cottrell, who has retired on account 
of ill-health, after holding the office for a period of 16 years, 
and Mr. J. A. Panton, superintendent of rolling stock, 
has been appointed assistant engineer, 

Mr. G. W. Gower has been appointed chief assistant 
to the goods manager (Representative Dept.) of the Great 
Western R. in succession to Mr. H. J. Humphrey, who 



has retired, and Mr. T. C. Walford, chief assistant 
to the goods manager (Mineral Dept.) in succession to Mr. 
H. I. Cope, nlineral manager, who has also retired. 

Mr. H. C. Law, superintendent of the Bishop's Road 
Bridge goods offices, Paddington, Great Western R., has 
been appointed London district goods manager at 23, New- 
gate Street, E.C., in succession to Mr. J. C. Kingett, 
who has retired after 46 years' service. Mr. W. F. 
Wilson, goods agent at Poplar, succeeds Mr. Law and 
Mr. F. J. Meade, chief clerk at Bishop's Road Bridge, 
succeeds Mr. W'ilson at Poplar. 

Mr. H. E. Goodship, senior assistant accountant. 
Sierra Leone Government R., has been appointed assistant 
accountant of the L^ganda R., British East Africa. 

Mr. H. Marriott, assistant traffic manager, Lan- 
cashire and Yorkshire R., has been appointed passenger 
superintendent in succession to Mr. C. J. Nicholson, who 
has retired — on superannuation. 

Mr. R. B. King, a guard in the service of the Great 
Northern R. for 1,1 years, has been elected Mayor of 
Grantham for the ensuing year. 

Mr. F. H. Hart, cashier at Leicester, Great Central R., 
has been appointed secretary of the company's Conciliation 
Boards. 

Mr. W. Glower, general manager's office. Midland R., 
has been appointed secretary of the company's Conciliation 
Boards. 

^^ 

We regret to record the death of Sir William PoUitt, 
director and formerly general manager of the Great Central 
R. He was born in 1842, and at the age of 15 entered the 
audit office of the Manchester, Sheffield and Lincolnshire R. 
In i8r>9 he became chief accountant, and in 1886, after being 
assistant general manager for a short time, he was appointed 
general manager. He was knighted on the opening of the 
extension of the M. S. and L. R. in 1899. In 1902 he retired, 
and was elected a director. He was also either manager or 
director of all the M. S. and L. *' children " now absorbed 
in the (it. Central R. He died at Southport on the 14th 
ultimo. 

London School of Economics. 

Ox the 20th ultimo Lord Claud Hamilton presented to the 
successful students of the railway department of the London 
School of Economics and Political Science the Brunei Gold 
Medals which have been established by Lord Winterstoke, 
director of the Great W^estern R. The successful students 
were W. G. Chapman, G.W.R., W. Ingleby, N.E.R., and F. 
M. Major, G.E.R. 

Requirements of the Companies' Act, 1907. 

Section 35 of the Companies' Act, 1907, which came into 
force on the ist July last, will be interesting to American and 
other railway companies which have an office in this country. 
It is as follows : — 

Requirements as to Cowpanhs Estalylished Outside the United Kingdom. 

3;^. — (i) Kvery company incorporated oulside Ihe United Kingdom, 
which at I he commencement of this Act has a place of business in the 
L'nited Kingdom, and every such company which after the commence- 
ment of this Act establishes such a place of business within the United 
Kingdom, shall within three months from the commencement of this 
Act or within one month from the establishment of such place of busi- 
ness, as lh«* case may be, file with the registrar : 

(d) a certified copy of the charier, statutes, or memorandum and 
articles of associatit>n, of the company, or other instrument con- 
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stituting or defining the constitution of the compan\, and. if the 
instrument is not written in the English language, a certified 
translation thereof ; 

(b) a list of the directors of the company ; 

(c) the names and addresses of s<»me one nr more person** resident 

in the United Kingdom authorised to accept on behalf of the 
company service of process and any notices required to be ser\ed 
on the company ; 
and, in the event of any alteration being made in any such instrument 
or in the directors or in the names or addresses of any such persons 
as aforesaid, the company shall file with the registrar a notice of the 
alteration within such time as may be prescribi»d. 

(2) Any process or notice required to be served on the company shall 
be sufficiently served if addressed to any person whosv* name has been 
so filed as aforesaid and left at or sent by post to the address which 
has been so filed. 

(3) Every company to which this section applies shall in every year 
file with the registrar such a statement of its affair^ as would, if it 
were a company incorporated in the L'nited Kingdom and having a 
capital divided into shares, be required under this At t to be included in 
the annual summary. 

(4) Every company to which this section applies, and which uses the 
word " Limited '* as part of its name, shall — 

(a) in every prospectus inviting subscriptions for its shares or deben- 
tures in the United Kingdom state the country in which the 
company is incorporated ; and 

(h) conspicuously exhibit on every place where it carries on business 
in the United Kingdom the name of the company and the country 
in which the company is incorporated ; and 

(f) have the name of the company and of the country in* which the 
company is incorf)orated mentioned in legible characters in all 
billheads and letter-paper, and in all notices, advertisements, and 
other official publications of the company. 

(5) If any company to which this section applies fails to comply with 
any of the requirements of this section the company, and every ofiicer or 
agent of the company, shall on conviction be liable to a fine not exceeding 
fifty pounds, or, in the case of a continuing offence, five pounds for 
every day during which the failure continues. 

(6) For the purposes of this section the expression ** certified '* means 
certified in the prescribed manner to be a true copy or a correct transla- 
tion, and a share transfer or share registration office shall be deemed to 
be a place of business within the meaning of this section. 

(7) There shall be paid to the registrar for registering any document 
required by this section to be filed with him a fee of five shillings, or 
such smaller fee as may be prescribed. 

Timber Supply in the United States. 
**The forests of this country, the product of centuries of 
growth, are fast disappearing,'* said Mr. James J. Hill at the 
Governors* Conference. '^Thc best estiinates reckon our 
standing merchantable timber at less than 2,000,000,000,000 
feet. Our annual cut is about 40,000,000,000 feet. The 
lumber cut rose from 18,000,000,000 feet in 1880 to 
34,000,000,000 feet in 1905; that is, it nearly doubled in 25 
years. We are now using annually 500ft. board measure 
of timber per capita, as against an average of 60ft. for all 
Europe. The New England supply is gone. The North-West 
furnishes small growths that would have been rejected by 
the lumberman 30 years ago. The South has reached its 
maximum production and begins to decline. On the I\'icific 
coast only is there now any considerable body of merchant- 
able standing timber. We are consuming yearly three or 
four times as much timber as forest growth restores. Our 
supply of some varieties will be practically exhausted in 10 or 
12 years; in the case of others, without reforesting, the 
present century will see the end. When will we take up in 
a practical and intelligent way the restoration of our forests?*' 
— American Engineer and Railroad Journal. 

Coal Output in 1907. 

The Home Office Report on Mines and Quarries for 1907 
shows that during the year a record output of coal amounting 
to 267,830,962 tons, valued at ;£^i 20,527,373, was achieved. 
The increases, as compared with the previous year, were 
16,763,334 tons and ;jf28,998,i 12. The average price per 
ton rose from 75. 7JJ. in 1906 to 95. in 1907. The quantity 
of coal actually shipped to foreign countries was 63,600,947 
tons, or an increase of 8 million tons. P>anrc took io*6 
million tons and Germany nearly as much, Italy 8^ million 
tons, the Netherlands and Sweden each about 3? million 
tons, Russia, Spain, Denmark, Egypt and the Argentine 
each over 2 million tons. 



It will be seen that nearly a quarter of the total output 
was exported. This foreign demand was the cause of the 
high prices which railway companies and other home con- 
sumers had to pay for coal, and as a consequence, of the 
reduced railway dividends. 

* 

Anti-Corrosive Compositions. 

Messrs. Wailes, Dove and Co., Ltd., Newcastle-on-Tyne, 
have been awarded two (iold Medal Diplomas for their ex- 
hibits at the Franco-British Exhibition of ** Bitumastic " 
enamels for the preservation of bridges and iron and steel 
structures generally, and also for ships. The firm received 
similar awards at Genoa '05, Milan '06, Savona '06 and 
Bordeaux '07. 

Motor Railway Inspection Cars. 

The cars exhibited at the Franco-British Exhibition by the 
Drewry Car Co., Ltd., 13, South Place, Finsbury, E.C, have 
been awarded the Silver Medal Diploma. As we mentioned 
in our July issue, these cars have several especially good 
features which are peculiar to them, besides which they are 
made in this countrv. 



Books, Papers, and Pamphlets.* 

Earthwork Diafirams, By R. A. Krskisk-Murrav. A.M.I.C.E., and 
V. D. KiRTON, A.M.C an.Soc. (\E. London: Crosby, Lock wood & 



Son 



These diag^rams consist of a series of horizontal scales, 
well lithographed on a large sheet of paper, and aflford a rapid 
method of ascertaining the volume of earthwork in embank- 
ments and cuttings. They will bt» found to be of much more 
ready use than are many of the ordinary tables. 

Although it is not stated in the brief explanation given 
on the lithog^raph, we presume that the scales give the 
volume in cubic yards where levels are taken at each chain 
in the length of the longitudinal section. No indication is 
g^iven as regards the formula that has been used, or whether, 
as the method only refers to level cross sections, the system 
of averaging: the end areas and multiplying this by the length 
has been adopted. This should be stated in another edition, 
so that the engineer can give the proper value to the com- 
putation. 

ITie contents found by the diagram therefore varies only 
with the heights given on the central or logitudinal 
section, the different shapes of the cross section, whatever 
they may be, not entering at all into the consideration.. It 
is, however, not frequently found that the surface is level 
in the cross sections, and especially in the case where final 
or exact quantities are to bo ascertained, it is not often that 
this too approximate basis can be used. 

We do not see why so many different bases of formation 
width arc dealt with, no less than sixteen to nineteen such 
bases being used for each different slope. If the bases of 
formation width for single and double lines of standard 
gauge had been adopted, together with the standard widths 
for narrow canals and turnpike roads, and if, instead of 
giving diagrams for only the three slopes of ij to 1, i to i, 
and ^ to I, other diagrams for 1} to 1, ij to i, and 2 to i 
slopes had Ijeen included, the use of the scales would have 
been greater. 

We also obj(*ct to the limitation of the height of cutting 
or embankment, which is 24 ft. in the case of i^ to i slopes, 
31 ft. for I to I slopes, and 40 ft. in the case of | to i slopes, 
and we cannot see why the earthwork should not be expected 
to be as high for the flatter as for the steeper slopes. These 
scales could have been extended for greater heights if a less 
number of bases had Ix'en dealt with. 

Then, as most cross sections in actual work are on sloping 
ground, we should prefer another form of diagram where 
the three or five level system is adopted, and where the 
quantity or result required can be found by reading off 

*For Books, etc., Received, tee p. 383. 
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directly, instead of prickings off on a strip of paper, and 
applying this to a second scale for the reading. 

For first approximate quantities of earthwork of the 
usual heights the diagram fully meets the case, and will be 
of great service. 

Railway Accidents in 1907. 

The General Report on Railway Accidents in 1907 issued by 
the Board of Trade shows that during the year only 18 
passengers were killed in train accidents, and of these 11 
were in the Shrewsbury derailment and three in the West 
Hampstead collision. The corresponding figures for 1905 
were 39, and for 1906 they were as high as 58. The number 
of passengers injured in train accidents was 534, which has 
only once — in 1905 — been lower since 1901. The number of 
servants killed in train accidents was 13 — the same as in 
1906, and these two years are higher in that respect than 
any since 1900. The number injured was 236, and this is 
very much higher than any year for which the return gives 
the figures. The apparent reason for this increase will be 
noticed when the figures as to accidents to employees by 
the movement of vehicles are considered. 

A British railway train is still the safest place on earth, 
as only one passenger in 70 millions is killed, and one in 
every 2,300,000 injured. 

It will not be out of place here to give the official figures 
for American travel as issued by the Interstate Commerce 
Commission Accident Bulletins for 1907. 
Train Accidents. 

Passengers Servants 

Killed. Injured. Killed. Injured. 

Janumry- March 126 2,474 ^95 2,446 

April-jQDe 48 2.054 2U2 2,070 

July-September no 2,663 236 2,327 

October- December 21 2,125 199 2,062 

Total ... 305 9,316 932 8.905 

The total ** coupling *' casualties for the year were 298 
killed and 3,815 injured, and the total railway casualties 
amounted to 4,(x)9 killed and 79,00(1 injured. 

The total for Briti.sh railways was 1,117 killed and 8,811 
injured. 

The collisions and derailments of g^oods and mineral 
trains and of light engines have now to be reported by the 
companies, and this has led to the figures for these jump- 
ing from 239 in 190^) to 994 in 1907. 

There were 6 fewer passengers killed (102 in 1907 against 
108 in I90(>) by the movement of trains other than in train 
accidents. There was a decrea.se of 10 in the number killed 
whilst crossing the lines at stations, but an increase of 5 
by falling between trains and platforms when entering trains, 
and an increase of 5 from falling out of carriages during 
the running of trains. During 1907 there were 2,132 pas- 
sengers injured by the movement of trains other than in 
train accidents, against 1,949 in i90^> -an increa.se of 183. 
Of these, J13 more were injured by the closing of carriage 
doors. 

On December 21st, 1906, the Board of Trade made an 
order* one effect of which was that accidents on private 
.sidings hitherto reported under the Factories Act were in- 
cluded in this return. All cases, too, had to be reported 
where an injury caused a man to be absent from duty for a 
whole day at any time. Previously it had only to be reported 
where the injured party was absent for five hours on any 
one of the three following days. These two amendments 
have thrown many more cases into the list, and it must also 
be remembered that during the year 1907 there was a great 
increase in the volume of traffic conveyed (there were 14 
millions more miles run during 1907 than in 1906). 

These explanations are necessary in order to account for 
the great increase in the number of servants injured Dy the 
movement of vehicles other than in train accidents, and they 
apply to the increase already mentioned in the number in- 
jured in train accidents. The injured under the former head 
numbered 4,225 in 1906, but it rose to 5,577 *" ^9^7' 



Enquiries are held by one of the two assistant inspecting 
officers, or the three sub-inspectors, into all .serious accidents 
to servants, and in those cases where there would appear 
to be lack of supervision or irregular working. There were 
891 such enquiries held during 1907, against 832 in 1906 
and 78c) in 1905. All accidents to servants caused bv the 
movement of vehicles, other than in train accidents, are 
included under six headings, and the causes assigned bv the 
above enquiring oflRcers are similarly divided. The follow- 
ing is the result for 1907. The entries in the first column 
are those given by the inspectors, and in the .second column 
those given by the companies when reporting the accident. 

Not 
Enquired enquired 
into. into. 

Misadventure or accidrn'al 181 3,621 

Want of caution or misconduct on part of the 

injured person 375 1,295 

Want of caution or breach of rules on the part of 

servants other than the injured petsm 153 153 

Defective system of workin);, dangerous places and 

conditions of work, &c 82 6 

Defective apparatus, want of appliances or safe- 
guards, &c. 32 89 

Neglect or non-observance of Rules under Railway 
Employment (Prevention of Accidents) Act, 
1900 18 13 

Total 841 5.177 

From the foregoing it will be .seen that out of the 6,018 
casualties only 240 can be assigned to preventable causes, 
and what may be called the unpreventable outnumber the 
former by 24 to i. A year ago the comparison was 16 to i. 
As accidents in coupling and uncoupling vehicles form a 
subject of interest, and even controversy, just now it is 
useful to give the figures of such, and to which we have 
added the returns for 1906. 

19:6. 1907. 

K I K I 
Coupling or uncoupling— 

with pole 3 264 3 363 

without pole 2 66 7 96 

screw-coupled vehicles 4 241 7 296 

with automatic couplings — i i 2 

Total 9 572 18 757 

The Report says that a large proportion of these inj'uries 
were due to men endeavouring to couple wagons by means 
of the pole before the vehicles had closed together, and that 
it is .satisfactory to record that the majority of the larger 
companies have now adopted the suggestion of the Board 
of Trade, that the men should be warned against this 
practice. It is further remarked that two of the seven fatal 
accidents in dealing with screw-coupled vehicles occurred in 
connection with vestibule coaches. All of these accidents 
might have been avoided if the men had waited until the 
vehicles were at rest before attempting to go between them, 
and the Board of Trade believe that the number of non-fatal 
accidents would be materially reduced if instructions were 
issued by the companies to the effect that, wherever it can 
be avoided, the men must not attempt to go into the ** four- 
foot ** for coupling or uncoupling purpo.ses while the vehicles 
are in motion. Such an instruction has been generally 
issued with regard to vestibule stock. 

Another innovation in the Return has relation to the 
recommendations of the assistant and sub-inspecting officers. 
Instead of saying how many recommendations had been 
made, the figures for four years are given as below, and the 
percentage is an entirely new departure. 

Total No. of No. of Propo tion of 

Total No. of recommends- recommenda- recommenda- 

Vear. injuries. tions. tions adopted.* tionsadoptinl. 

1904 ... 717 ... 306 ... 219 ... 71*6 

1905 ... 789 ... 325 ... 241 ... 74*1 

1906 ... 832 ... 352 ... 269 ... 764 

1907 ... 891 ... 403 ... 345 ... 856 

* At the time of the issue of the general report for the year. 

It seems to us that further deductions might be made 
from this return. There were, it has b^n> noted, 6,ai8 

Tie 
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casualties to servants during 1907, and the Board of Trade 
(see above) made recommendations in 403 cases, or only 
67 per cent. 

The summary statement of accidents to trains, rollings 
stock, and permanent way at the end of the return is of 
no use for making comparisons in some respects, owing to 
the inclusions of the collisions and derailments of goods 
and mineral trains and light engines. All failures of coup- 
lings have now to be reported, so that these have jumped 
from 21 to 2,440. 

Fires in trains rose from 19 to 170, and failures of 
machinery, springs, etc., of engines from 10 to 86, as the 
companies are now reporting all such. 

The failure of tyres rose from 137 to 172, of axles from 
148 to 160, of wheels from i to 8, and of broken rails 
from 264 to 289. It appears that of the 160 axles that 
failed 78 were crank or driving axles, and 6 of these were 
made of iron, and their average mileage was 373,624 miles, 
whilst the ^2 steel axles had an average mileage of 294,589 
miles. The report adds : '* The average mileage of the 
iron axles that failed is due to the fact that axles are no 
longer made of this material. The few still in use are 
therefore of exceptional quality.** Details of the type of 
tyres, axles, and rails that failed are given in the return, 
but we will not repeat these, as they are of the same pro- 
portions as those for the year 1906, quoted in The Railway 
Engineer for June last, page 178. 



Sugg's New Station Lamp with Bijou Inverted 
Incandescent Mantles. 

We illustrate herewith the latest and most improved gas 
lamp for lighting railway stations and other public places. 

It will be seen, fig. i, that the burner consists of a cluster 
of three (or, if required, two) inverted incandescent burners 
well spread apart. Large lamps are made with three clusters 
of three mantles each. By arranging the mantles in this way 
the area of the source of light is enlarged, and therefore the 
light is well diffused and shadows reduced to a minimum. 

That the inverted incandescent mantle has a much longer 
life than the vertical mantle cannot be successfully disputed ; 
it is much easier for a workman to handle. The small size of 
the mantles greatly increases their strength, and consequently 
their life, and therefore the general cost of maintenance is 
greatly reduced. 

In consumption of gas the burner shows a very great 
economy. As compared with vertical mantles on burners 
of the most improved type, and giving a light of 100 c.p. on 
a consumption of 5 cubic feet per hour, the new burner with 
three small inverted mantles gives the same light, viz., 100 
c.p., with a consumption of only 3 J cubic feet per hour, or an 
economy of 30 per cent. All these are important matters to 
railway companies, who are just now making great efforts 
to cut down working expenses in every direction. 

Another great advantage of this burner is that it is supplied 
complete with reflector, as in fig. j, ready to fix into existing 
lamps. The change is effected in a very short time, as there 
are only four small screws, which fix the reflector, to put in. 



Fig. I.— Sugg's Station Lamp, with "Bijou" Inverted Mantles. 



Fig, 2. 
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Fig. 3. 

and the union «, fij^. 2, for the gas supply pipe to connect, 
The burner is supplied either with or without the bye-pass, 
as may be desired. 

It will be noticed that the screw regulating the admission 
of gas and the revolving shutter controlling the supply of air 
to the Bunsen are arranged in a top corner of the lamp under 
the reflector, where they are quite accessible and are always 
cool. 

Another economy effected by this lamp is that the mantles 
do not require protectors, as vertical mantles do. These 
glass chimnevs are a source of considerable expense to rail- 



way companies, as notwithstanding every care the consump- 
tion of them on a railway annually is very large. 

Wc also illustrate, fig. 3, a special lamp, of which a 
number are being supplied to light a large bridge in the North 
of England, and on which, owing to the constant vibration 
and the exposed position, it was found impossible to get the 
vertical mantles to last any length of time. The new burner 
was tried, and as it gave complete satisfaction all the lamps 
are being altered. It will be noticed that these lamps are 
also suspended on the well-known ** Devonport '* attachment, 
which is the greatest mantle preserving appliance for station 
lighting that has ever been introduced. Except, however, 
for very exposed positions and places where there is great 
vibration and shocks, this attachment is not necessary with 
the new burner. 

The burner is manufactured by Messrs. \Vm. Sugg and 
Co., Ltd., Vincent Works, Westminster. 



Notes on Swiss Locomotives. 

For working the express trains on the Swiss F'ederal Rail- 
ways four interesting series of locomotives have been intro- 
duced. They are all alike in the arrangement of the wheels, 
namely, six coupled, with a leading four-wheeled bogie, but 
in other important respects each series differs from all the 
others. They have all been constructed by one firm, namely, 
the Swiss Locomotive Works, of Winterthur. 

We have mentioned that there are four series, but for the 
sake of distinction they can be arranged in two distinct types, 
according to the manner in which the power is transmitted to 
the wheels. The one has separate driving axles, whereas 
in the other type all the power is transmitted to one axle. 

The first-named type is the more numerous class, in fact, 
one series may be regarded as a standard design, the varia- 
tion from it in the other is mainly in the boiler. The type 
is illustrated by fig. i. 

The engines are four-cylindered compounds, with the H.P. 
cylinders outside driving the middle pair of coupled wheels. 
The valves are above the cylinders and are actuated by 
Walschaerts valve g^ear ; the L. P. cylinders are under the 
smokebox, driving the leading coupled wheels. In this case 
also the valves are above the cylinders, but are actuated by 
Joy valve gear. All the valves are balanced slides. The 
leading axle is of the oblique crank form. 

The engines have laminated bearing springs below the 
axleboxes, those for the leading and middle axles being con- 
nected by compensating beams. The bogies have inside 
frames, the spring gear is compensated, one spring being 
placed longitudinally between each pair of axleboxes, and con- 
nected at its ends to beams which rest on the tops of the axle- 
boxes, the outer ends of the beams being linked to the frames. 
This is an unusual form of spring gear, and is not used in 
this country. 



Fig. I. 
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As regards the boilers there is no radical departure from 
accepted Continental practice for round-topped boilers. The 
staying of the firebox is direct, with the exception of the 
front end of the firebox, where articulated stays are intro- 
duced. The firebox back and fronts are sloped from the 
vertical so as to reduce weight at the rear end. 

In the second class of the above-named type the main 
features, embracing the arrangement of the wheels and 
cylinders and accompanying details arc identical with the 
engines just described, but in the boiler, however, a radical 
departure has been made, for in place of the ordinary type 
a combination of a watertube firebox with the usual form of 
barrel filled with tubes, known as the Brotan water-tube fire- 
box, has been introduced. In the particular design under 
notice the water-tubes which constitute the front, back and 
sides of the firebox, enter at the top a single steam and water 
drum, which is connected direct to the back tube-plate of the 
barrel, the rear ring of which is coned, so as to provide 
a large tube-plate to accommodate the drum. At the bottom 
the tubes are stepped into a steel circulating ring, which 
also forms the foundation of the firebox. This rin.ij is also 
connected by large circulating pipes to the underside of the 
rear end of the barrel. The vertical water-tubes are 95 mm. 
(3*74 in.) diameter outside, and 64 in number. 

The above arrangement is simple to construct when com- 
pared with the earlier forms, in which the boiler was in 
reality two barrels super-imposed and connected at various 
points in their length, the top barrel extending over the grate 
and receiving the upper ends of the water-tubes. Another 
advantage is presented in the compactness, for the outside 
dimensions do not greatly exceed those of our ordinary fire- 
box, while there is nothing to destroy the symmetry of the 
external appearance. 

The annexed table gives the principal dimensions of the 
two classes : — 

Fig. I. 
142 in. X 25() in. 
22*4 in. X 259 in. 

5 ft. i()*4 in. 

2 ft. 9*4 in. 

13 ft. 78 in. 

27 ft. 4*7 in. 

4 ft. II in. 

13 ft. 9*3 in. 
220 lbs. per sq. in. 



Clasit. 

Cvlinders, H.P. ... 

Cylinders, L.P. ... 

Wheels, coupled ... 

Wheels, bogie 

Wheelbase, rigid ... 

Wheelbase, total ... 

Boiler barrel, diani. 

Boiler barrel, length 

Pressure 

Heating Surface 

Tubes 

Firebox 

Total 

Grate Area ... 

Weight Full, total... 

Weight Full, adhe- 
sion 



•* BroUn " BoiltTs. 
14*2 in. X 25*9 in. 
22*4 in. X 25*9 in. 

5 ft. 104 'in. 

2 ft. 9*4 in. 

13 ft. 7*8 in. 
27 ft. 4*7 in. 

4 ft. II in. 

14 ft. 56 in. 
220 lbs. per sq. in. 



1.540 sq. ft. 

166 sq. ft. 
1,706 sq. ft. 
27-9 sq. ft. 

63*3 tons. 



1,710 sq. ft. 

194 sq. ft. 
1,904 sq. ft. 

26-9 sq. ft. 

64* I Ions. 

44*7 tons. 



45'3 tons. 

The remaining two classes are of the type in which the 
driving forces are not divided, but are concentrated on the 
leading coupled axle, the cylinder centre-lines being in one 



plane under the smokebox. The general features are illus- 
trated by f\^, 2. These designs, which differ in the above- 
mentioned particulars, and also in outside appearance, have 
embodied several of the essential features of the other type, 
for instance as to the wheels and the capacity of the boilers. 

The first of the two classes, represented by No. 601, are 
four-cylindered compound locomotives, fitted with a boiler 
containing a Schmidt type superheater; otherwise the boiler 
is of a similar design to the previously described engines. 
The pressure, however, is lower, 190 ibs. per sq. inch, in 
accordance with superheated steam practice. 

Another seeming corollary to the use of this steam is the 
use of piston valves. These are actuated by the modified 
Walschaerts gear introduced by \'on Borries, in which only 
one eccentric is employed for a pair of high and low pressure 
gears, but each cross-head is fitted with a separate lap and 
lead lever, the travel of the valves being communicated from 
the outer to the inner valve spindle cross-had bv a rocking 
shaft. 

The last class, and in some ways the most interesting, 
is based on the former as regards diameter of wheels, boiler 
and wheelbase, but possesses the vital difference of having 
three simple expansion cylinders, instead of four com- 
pounded, placed side by side under the smokebox and drive 
the leading coupled axle. The cranks are set at 120° with 
each other. The cylinders are all the same diameter, have 
piston valves actuated by VValschaerts valve gear. It is 
interesting to note that the difference in weight between the 
4-cylinder compound and 3-cylinder simple is about two 
tons in favour of the simple engines. Their principal dimen- 
sions are : — 

4-cylindcred. 
i6'73 in. X 25*9 in. 
24*8 in. X 25-9 in. 

5 ft. 10*4 in. 

2 ft. 9*4 in. 

13 ft. 78 in. 

27 ft. 47 in. 
4 ft. 11 in. 

13 ft. 9*3 in. 
190 lbs. per sq. in. 



CUfs 

Cvlinders, H.P. ... 

Cylinders, L.P. 

Wheels, coupled 

Wheels, bogie 

Wheelbase, rigid ... 

Wheelbase, total ... 

Boiler barrel, diam. 

Boiler barrel, length 

Pressure 

Heating Surface 

Tubes 

Superheater 

Firebox 

Total 

Grate Area 

Weight Full, total... 

Weight Full, adhe- 
sion 



3-cy lingered. 
i8*5 in. X 259 in. 



5 ft. io'4 in. 
2 ft. 9'4 in. 
13 ft. 78 in. 
27 ft. 47 in. 
4 ft. II in. 
13 ft. 9*3 in. 
177 lbs. per sq. in. 



1,287 sq. ft. 
404 sq. ft. 
166 sq. ft. 
1,858 >q. ft. 
27*9 sq. ft. 
67*2 tons. 



1,287 sq. ft. 

404 sq. ft. 

166 sq. ft. 
1,858 sq. ft. 
27*9 sq. ft. 

65*4 tons. 

44*4 tons. 



447 tons. 

From the above particulars it will be evident that the rail- 
way authoritie's have at their disposal four classes of engines 
based on similar lines, yet presenting most of the most 
modern principles. Thus they should be able to ascertain 
the relative efficiencies of the various designs : an opportunity 
not frequently presented. 
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Roofs.- XI* 

Compression Members (continued). 
Mr. \Vm. Cain, in the May proceedings of the American 
Society C.E., refers to Mr. Marston*s formula, which is 
P S 



I for 



steel. 



A I + {(dV ^ r2) sec. (il ^ r J (P ^ AE)) } 

when 5 = the elastic limit, say 40,000 lbs. per sq. in. for 

mild steel columns with pivoted ends, 

aV ^ r^ = 006 

E ~ mod. of elas. 30,000,000 lbs. 

I'd -r r^ = 0*07 . . , ^ . 

^ ^ ' ,, \ for wrought iron. 

E = 28,500,000 lbs. / 

and states that this closely follows the results of Tetmajer's 

test on columns, whilst for proportions of l-rr of 125 and 

upwards it gives practically identical results with Euler's 

curve and the parabolic formula, and in lower values of 

I -T- r it agrees with the latter when the formula is useless. 

The other values are 

P — load on column 

d = the eccentricity or distance of load from axis of 

column 

A = area of cross section 

r = radius of gyration of the cross section about an 

axis through its centre of gravity perpendicular 

to the plane of bending 

V — distance from this axis to the most compressed 

fibre 

To apply this formula to the actual column dV H-r^ is 

taken as 0*06 for steel and 007 for wrought iron, and assumed 

as constant. 

I = length of column. 

The same writer also suggests another rational formula 

of his own, which is 

and in which 5 is the total fibre unit stress on the concave 
side of the column at mid-length, the other factors remaining 
the same as before, and the column being assumed to be 
pivoted at the ends. 

T. Claxton Fidler's formula for the practical strength of 
columns is given as follows — 

Minimum /> = (/ + r — x/J (/ + i^)^ —2-4//? ) -f 12 
where the 

Maximum p or breaking weight of ideal column = R = 
E 7r2(r ^ If 
p = load in lbs. to produce stress f 
/ = ultimate compressive stress in lbs. per sq. in. 
R = resilient force of ideal column in lbs. per sq. in. 
L = length of columns in inches 

For fixed ends / = o'6 L 
r = radius of gyration in inches measured in plane of 

easiest flexure 
E = mod. of direct elasticity of material 
= 26,000,000 for wrought iron 
14,000,000 for cast iron 
29,000,000 for mild steel 
/= wrought iron 36,000 lbs. 
cast iron 80,000 lbs. 

• The previous articles of this series appeared in the Railway Rngin$er as 
follows ;-I., May, 1907 ; H-t July, 1907 ; HI., September, 1907 ; IV.. 
October, 1907 ; V., December, 1907; VI., February, 1908; VII., April, 1908; 
VIII,, June, 1908; IX., Srptember, 1908; X., October, 1908. 



hard steel 70,000 
mild steel 48,000 lbs. 

60,006 lbs. being a common average for steel. 
Factor of safety = 4 + (05 / -^ d) 
The eccentric loading of columns, where the load is applied 
on one side of the axis, or is supported on side brackets, 
should be considered and taken into account when necessary, 
and the formula to give an equivalent central load U', to be 
tiken in place of the actual loading is as follows : 

W, = {^, + (.TV^^;} 

Where W = eccentric load 

.V = eccentricity or distance between load and 

neutral axis of column 
y = distance between neutral axis and edge of sec- 
tion 
r = radius of gyration = J {I -^ A) 
hence r^ =^ I -^ A, where / is the moment of inertia of section 
and A is the area of cross section. 

This is in much the same form as that given by Adams for 
the maximum unit stress S, 

S ^ s [i -\- X (yA ^ 2I) ] 
Where s = W ^ A^ and i -f r^ in the first formula is replaced 
by .4 -r / in the second formula 

Goodman, in ** Mechanics Applied to Engineering," gives 
the following formula for the tensile stress in columns eccen- 
trically loaded : — 

, ^ W (y ^ _ W -h \l\ 
Z A 

Where / = the max. tensile stress on the material du6 to 
both direct and bending stresses 
A = the sectional area of the column 
IV = eccentric load 
Wi = central load 
y = eccentricity of the load 
S = deflection or distance that the axis of the 

column is bent away from true vertical 
z = modulus of section, that is, the moment of 
neutral axis of section from the most 
strained skin, usually half the depth of the 
section. 
Mcrriman gives the following^ formula for a round ended 
column : — 



5=^(,+?£sec. i^/) 



Where Bl = I J (P -^ A E) ^ r, in which case 

S = the max. compressive unit stress on the concave 

side of the column ; and 
c = distance from the axis of the column to the con- 
cave side 
P = load applied at 
A = area of cross section of the column 
a — the horizontal distance from the centre of gravity 

and in the same vertical plane with 
r = the least radius of gyration. 
If it is desired to find the value of P -r i4 by successive 
trials when all the other quantities are given, the formula may 
be written 



-^- 



I + ^ sec. 






Another way of dealing with the question is by the use of 
the formula : 

P = (W^ -r A) -f (Af -^ Z) 
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Where P = safe unit stress 

W^ = safe eccentric load 
A = sectional area of cross section 
M = bending moment due to eccentric load» or 
IVC, where IV is the actual load and C the 
distance of this load from the centre of 
gravity of the cross section. 
The latticing of compression members is another question 
that has only quite recently, in fact since the Quebec disaster, 
received any serious attention. Up to this the latticing has 
been merely arranged by rule of thumb or according to the 
caprice of the designer. 

A simple way of ascertaining the stresses of lattice bars 
of columns is given by Professor Morris (see ** Typical .Steel 
Railway Bridges/' by Thomson), and is as follows : 
For single latticing on two sides of column, 
s = i y sec. x -f 2, 
or for double latticing on two sides of column, 
s = i y sec. x -r 4. 
Where 5 = stress in each lattice bar 

i = increment of stress per lineal foot of column to 
be transmitted by the lattice bars, 
t for pin-ended columns being 
i Ad ^ il = Ad ^/, 
or for fixed end columns 

iAd -^ i/ = 2Ad -r /.• 
A = area of cross section 

d = difference between permissible average compres- 
sion per sq. in. at centres of gravity of the 
whole section and that at the centre of gravity 
of either rib 
d = iP'Pi) X ^ n 

p = permissible compression for short blocks = maxi- 
mum outer fibre stress (say 16,000 lbs. per 
sq. in.) 
p^ = permissible average of comoression per sq. in. 

by column formula 
X = distance from centre of gravity of cross section 

to centre of gravity of either rib 
n = distance from centre of gravity of cross section to 

outer fibres 
/ = length of column in feet 
r = radius of gyration 
y = longitudinal distance in feet covered by one lattice 

bar 
X = angle which the lattice bars make with the longi- 
tudinal axis of column. 
This formula is arranged according to the argument that 
the permissible unit stress, if taken at the centre of gravity 
of the entire section, should be of such a value that the max. 
stress on the extreme fibres shall not exceed the unit stress 
allowable in a short block or column, or, in other words, that 
the unit stress at the extreme fibres shall be reduced from the 
unit stress of the short columns by the value of the unit stress 
due to the bending under load. 

Assuming that the latticing is placed to connect two 
separate ribs, the function of such latticing is to transmit the 
difference in stress from one rib to the other ; and as the 
unit stress in the rib is proportionate to its distance from the 
neutral axis of the whole section, or, speaking more definitely, 
of the distance of the centre of gravity of the rib from the 
centre of gravity of the whole section, then we may say that 



the lattice bars will have to transmit the difference between 
the average unit stress at the centre of the rib, and the aver- 
age stress at the centre of the whole section of the compres- 
sion member, of course multiplied by the area of the rib. 

In the case of the pin ended column this stress is assumed 
to be transmitted in one half of the length of the column, 
and in the case of the fixed end column in one fourth of the 
length of the column, and the increment of stress per lineal 
foot is the total stress to be transmitted divided by such 
portion of the length. 

The factor of safety to be taken in structures is given by 
l)u Bois as follows for intermittent loading on sections other 
than hollow round. 

Factor of safety = 4 +(/ ^ 2od) for wrought iron and 

steel 
7 + (/ -9- 2od) for cast iron 
6 + (/ -f lod) for timber 

When I = length in inches 

d = least side of rectangle which encloses the cross 
section, 

Whilst for hollow round sections. 

Factor of safety = 3 -f {/ -r lod) for wrought iron 
6 -I- (/ -r lod) for cast iron 
and for quiescent loading we are to use 4 for wrought iron, 
6 for cast iron. 

So far as railway work at least is concerned the cast 
iron column is now practically superseded by the steel beam 
section of stanchion, and it seems probable that before long 
this again will be abandoned in part in favour of the rein- 
forced concrete column, 

Winn (Royal Engineers' papers) says that although con- 
crete has great power to resist compression, the power is 
greatly increased if about i per cent, of longitudinal rods are 
added to resist any tension due to the bending of the column, 
and if 2 per cent, of wire be wound round the vertical rods 
in the form of a spiral, with spaces of about J the diameter 
of the member between the turns, the bursting of the column 
under pressure will be prevented, and the concrete column 
reinforced in this way will bear about four times the load of 
the same column when not reinforced. The figure given is 
from 900 to 1,000 lbs. per sq. in. with safety. 

The following points were mentioned in a discussion on 
this subject before the American Soc. C.E. in February last. 
The hooping, if properly applied, increases the breaking 
strength of a concrete column to two or three times that of 
the simple column. The surface of the concrete outside the 
hooping will begin to crack at about the breaking load of the 
column if not hooped, and the hooping, if not continuous or 
rigid, will peel off with the ^urface concrete, and becomes 
useless for strengthening. 

Talbot, in Bulletin No. 10 of the Illinois Engineering 
Station, calls attention to the fact that reinforced concrete 
columns very seldom have a height exceeding one fifteenth of 
the diameter, and this is usually less, especially in the lower 
storeys of high buildings. He also states that the tested 
difference in strength between a column of five diameters long 
and one of fifteen diameters is often less than the difference 
in strength between columns of the same length. 

Kahn, before the Liverpool Engineering Society, gives 
the formula for ordinary reinforced concrete stanchions as 
follows, with the proviso that the length shall not exceed 
15 times the least diameter: — 
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Safe load = c (A^ -r 15 /t*) 

Where c = value of concrete in compression, say 1,000 
lbs. per sq. in. for spirally reinforced columns 
A^ — area of the concrete 
.4* = area of the steel in compression. 
The tension in the hoop per sq. in. of height for 1,000 lbs. 
stress on the concrete is 32*5^ 

and a = 32*5 dp -r 5, or p = sa -f 32*5^. 
W^here a = section of hoop 

d = diameter of core in inches 
p = pitch of hooping in inches, which should not 
exceed d -^ 6 
.9 = alllowable stress on the hoop, say 24,000 lbs. 
per sq. in. 
Considere gives the following formula for the strength of 
a short hooped column : 

C — i*5c + 2,4oop + 5,100/)^ 
Where C = unit strength of the column in lbs. per sq. in. 
c = unit strength of a plain concrete column 
p = ratio of longitudinal reinforcement to the con- 
crete core 
p^ = ratio of the hooping to the concrete core 
Talbot, in No. 20 bulletin, gives a general form of formula 
for hooped columns as follows : 
c = c^ + pc^^ 
Where c — max. strength of the hooped column 
c^ — strength of the plain concrete column 
r" = coefficient for the hooping 
p = ratio of reinforcement found by dividing the 
total volume of the hoops by the volume of 
the core within the hoops, in other words, by 
considering the hooping to be distributed as a 
thin cylinder continuously along the hooped 
column 
Values are given as follows for the column reinforced 
with bands : 

C — 1,600 + 65,000/) 
and for spiral reinforcement : 

C = 1,600 + ioo,ooo/> 
In the discussion on reinforced concrete construction 
before the Boston Soc. C.E., in 1906, the following formula 
is presented : 

Cj= C {(i-p) + rp} 
Where Cj = unit pressure upon reinforced column 

C = unit pressure upon the concrete of the column, 

usually 400 to 600 lbs. per sq. in. 
Eg = mod. of elas. ot steel 
Ec = mod. of elas. of concrete 
r =Eg -r E^y usually o'l to 5 
A = area of total cross section of the column 
/I ;, = area of steel in the cross section 
/> = i4, -^ /4, usually 01 to '04 
Tedesco gives the Hennebique method of calculation of 
columns as : 

P = 344 r + 13760/? 
Where P — safe load in lbs. 

C = sectional area of concrete in sq. in. 
R = sectional area of longitudinal reinforcement 
in square inches 
and taking R -r C as a percentage, say 01, we have 
P = 344C + 137-66' = 481-66 
or C = P ~ 481*6 if /? = r -r 100 



Considere has also given another formula : 
.S: = 045 (i + ^2ip -f- 15 pi) -f- 100 
Where .S = safe load in tons per sq. in. of spiralled sec- 
tion 
p = the percentage of spiral rod 
p^ = the percentage of longitudinal rods to unit 
volume of concrete 
The Report of the British Joint Committee on Reinforced 
Concrete recommend the following : 

The reinforcement of columns should in general amount 
to at least 08 per cent, of the gross cross section. Columns 
should be spirally bound and the distance between the coils 
should not exceed y'o ^^ } ^^ the diameter of the spiral. 
Then for a load strictly axial 

c = P -^ \^Ac + (m — i) a ] = P -^ .4 

t = mP ~ f ^. + (w — i) a I = mP ^ A 
Where Ar = the cross section of the column, including 

the reinforcement 
A = equivalent section 

a = the section of the longitudinal reinforcing bars 
P = load on the column in pounds 
c = stress on the concrete, usually 500 lbs. per 

sq. in. 
/ = stress on the steel, usually 7,500 lbs. per sq. in. 
m = ratio of the coefficients of elasticity, usually 

15 for columns less than 18 diameters in length. 
(To he continued.) 



Locomotive Journals and Bearings.— VIII.* 

Lancashire and Yorkshire Railway, 
The Lancashire and Yorkshire R., being a net work of lines 
connecting important towns, and for the most part servin^^ 
densely populated districts with important junctions at fre- 
quent intervals, and colliery or factory sidings joining the 
lines almost every few hundred yards, the engines are not 
required, and have not the opportunity of making long non- 
stop runs, but they are required to make continual and suc- 
cessive spurts and to get away very quickly, or, in other 
words, they must be able to exercise to the full all that is 
expressed by ** that blessed word acceleration.** 

In the season the L. and Y. railway has concentrated on 
to its extreme west (mainly Southport and Blackpool) not 
only from its own system, but from all parts of the country, 
an excursion traffic unequalled in magnitude by any other in 
the country. It is not uncommon for 40,000 excursionists to 
be delivered in Blackpool before 8 a.m. These excursion 
trains are often of great length and weight, and follow each 
other in rapid succession westwards in the morning and east- 
wards in the evening. They must not be delayed and neither 
must the ordinary service, as the whole district served by the 
system is essentially a commercial one, and the L. and Y. 
averages a greater train mileage per route mile than any 
important railway in the world. The curves are numerous 
and sharp, and so are the gradients, and among the latter the 
well-known Accrington Bank, if miles of i in 40, and the 
Turton Bank, 4^ miles of i in 74, may be cited. 

The L. and Y. route between Liverpool and Manchester 
— 3^i miles — is the longest, but its trains do the trip in the 

* Previous articles of this scries in February, March, May, June, July, August 
and October, 1908. 
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f^>g' 35' — l^'Jving Axle- Box ; Lancashire and Yorkshire Railway. 

same time — 40 mins. — as the other two competing com- 
panies. The 35 miles between Manchester and Southport 
are covered in 45 mins. with two intermediate stops; Man- 



designed and which explain why the engines might, to a 
casual observer, seem to be unnecessarily powerful. 

P*or this work Mr. J. A. F. Aspinall, the general manager 
of the line, when he was chief mechanical engineer, designed 
a class of very powerful inside cylinder engines with a 
4-4-2 wheel arrangement, and having the following 
dimensions : — 

Cylinders, 19 ins. by 26 ins. 

Wheels — bogie, 3 ft. oj in. diam.; coupled, 7 ft. 3 in. 
diam.; trailing, 3 ft. 7I in. diam. 

Heating surface — tubes, 1,877 sq. ft.; firebox, 175*8 sq. 
ft.; total, 2,0528 sq. ft. 

Great area, 26*05 sq. ft. 

Wheel base, 27 ft. 9 in. 

Weight, total in working order, 58 tons 15 cwt., dis- 
tributed as follows : — On the bogie, 12 tons 5 cwt.; on each 
of the coupled axles, 17 tons 10 cwt.; on the trailing axle, 
1 1 tons 10 cwt. 

Capacity of tender for water, 2,290 galls.; for coal, 5 tons. 

The details illustrated belong to these engines, and we 
are indebted to Mr. Geo. Hughes, M.Inst.C.E., the present 
chief mechanical engineer, for the drawings of them. 

Driving Axle-Box^ fig. 35. This box is made of gun- 
metal. It is 8JI in. long, the journal being 8^ in. diam. by 
gin. long. It is 13^ in. wide between the horn faces and 
7}in. deep from the top to the centre. On each side of the 
centre line there is a white-metal inset having wearing sur- 
faces about 2i in. by 7 in. The horn surfaces are 6^ in. 
(horns b^ in.) x 16J in. The bearing is carried down at the 
sides f in. below the centre-line, but is eased away as shown 
to allow the film of oil off the under pad to be drawn round 
by the journal. 

The oil from the top is admitted to the bearing along the 
crown by means of a trough 6| in. by J in. deep. Two oil 










Anikwy fVyMMT 



Chester to Brighouse, 34 miles in 40 mins. ; Manchester and 
Blackpool, 48} miles in 65 minutes. Other instances might 
be given, but the above are sufficient to indicate the principal 
characteristics of the traffic for which the engines have to be 



k 6- 

Fij:. 36.— Ct>nnecting Rod ; LAncashirc and Yorkshire Railway. 

boxes are cast in the top of the box and are fitted with spring 
corners lined with felt, as shown. From these boxes the oil 
feeds through | in. holes to a cavity cored out ijin. diam. 
by J in., and from there through two J in. holes to the trough 
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above mentioned. The axle-box carries a load of 875 tons. causes an addition of metal on the connecting-rod where one 

The Keep, which fits tight up to the bearing at the ends, would prefer not to have it in a quick-running engine, 

isl made of cast-iron and contains a lubricating pad. It is The Big-End is of the bolted type, but it differs in detail 

supported on the spring-link pin, which is of wrought iron from all the three others we have illustrated. The rod is 

1 1 in. diam. 3i in- thick, and is forked to receive the brasses which have 



Fig. 37.— Coupling Rod ; Lancashire and Yorkshire Railway. 

Connecting Rod, fig. 36. This rod is for lo-wheeled flat seats 10 in. long by 9I in. with the corners rounded to a 

4-6-0 inside cylinder engines. It is 6 ft. 2 in. long between 2 in. radius. The bearing is 8 in. diam. by 4I in. long, and 

the centres, and is made of forged steel. The section of the is fitted with five white-metal insets dovetailed in, as shown 

rod IS rectangular with the corners rounded off to a radius in each brass. The Keep, which is of steel, has a middle 
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LEAOiNG TfiAIUNG 

Fig. 38. — Coupling Rod ; Lancashire and Yorkshire Railway. 

of Jin., and is parallel 4J in. by i] in. from the big end to the section of 2 J x 38, and is secured by two wrought-iron bolts 

middle boss, then it tapers to 3i in. by ijin. The boss is 2 in. diam. fitted with double nuts, each ijin. thick, and a 

necessitated by the connection for working the Joy valve split safety pin Jin. diam., the heads of the bolts are square, 

gear, and it is one of the disadvantages of that gear that it i J in. thick, bedded into the Keep as shown. 
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The oil cup (2^ diam. by i^ inside) is cut out of the 
solid just over the centre, and fitted with a brass cap screwed 
in. The feed-hole is closed with a spring button. The oil 
holes are i in. diam. and lead to the ends of a recess | in. by 
2f in. the brass over the centre of the bearing, there being a 
similar recess exactly like it under the centre of the bearing. 

For the middle bearing, for the stirrup link pin, the rod 
is swelled to a depth of 6J in. by 2 J in. A phosphor-bronze 
bush 2J in. diam. outside is pressed in by hydraulic pressure. 
The bearing is 2 in. diam. and is lubricated from the inside, 
the pin being hollow and closed at the ends with brass 
screwed plugs, as shown. 

The butt end of the rod is 6^ in. long by 3^ in. by 2^ in., 
and the small-end bearing is attached to it by a steel strap 
(if by 2^1 at the bend) fastened by two wrought-iron bolts 
tapered from i^ in. diam. at ^ in. per foot, and fitted with 
double nuts, 1 in. thick, secured by -fjr in. split pins. The 
Bush is of phosphor bronze, and has a bearing 3 in, diam. by 
2 1|. The halves of the bush are set up by a mild steel wedge 
threaded on a | in. bolt, locked by a nut secured by a | in. 
split pin shown. 

The oil cup is solid with the strap, and is fitted in a 
similar way to that on the big-end bearing. 

Coupling Rodf fig. 37. Thef.e are made of nickel-steel, 
and are 8 ft. 7 in. long between the centres. They are 
parallel, being 4^ in. deep by ijin. thick. The middle see* 
tion is solid, but the sides are gradually milled out to I sec- 
tion, the web at the ends being J in. thick and the heads J in. 
deep as shown, the outside corners are rounded off to a j in. 
radius and the inside fillets are | in. radius. 

The eyes are struck with a 4^ in. radius and are 3! in. 
wide. They carry cast-iron bushes 5^ in. diam. pressed in 
tight and lined with white-metal ^ in. and -^ in. thick. It 
will be noticed that the bushes are not keyed in any way 
and that the white-metal is the full width of the bearing, 
which is 4 in. diam. by 4^^ in. long, the journal being 4I in. 
long. The oil-cups are bored out of the solid 2^ in. diam. 
by I J in., and are closed by a brass cap screwed in with 12 
threads per inch; the feed-hole in the centre is closed with a 
spring button. The oil-hole is | in. diam., and leads to a Jin. 
hole through the white-metal-lined cast-iron bush. 

Fig. 38 illustrates the coupling rods of the standard 6- 
coupled tender goods engines, of which the cylinders are 
18 in. by 26 in. ; wheels, 5 ft. i in. diam. ; wheel base, 16 ft. 
4 in.; total heating surface, 1,209*94 sq. ft. (of which 
1,102*26 sq. ft. are in the tubes); grate area, 18*75 sq. ft.; 
total weight 42 tons 3 cwt., distributed as follows : — 13 tons 
16 cwt. 2 qrs. on the leading axle, 15 tons on the driving 
axle, and 13 tons 6 cwt. 2 qrs. on the trailing axle; capacity 
of tender tank, 1,800 galls.; coal, 3 tons. 

It will be seen that the bearings on these rods are very 
similar to those of the express engine. The knuckle joint has 
a wrought-iron case hardened pin 2^ in. diam. secured by a 
washer and J in. split pin. The jaws of the joint are also 
case hardened. 

(To he continued,) 



Scientific Lightning Protection on Railways. 

Differences of opinion still prevail concerning the best 
methods of guarding against lightning, as is only natural 
when one remembers how varied are the conditions which 
govern the requirements between one type of building and 
another and even between two buildings of the same type. 



The difficulty is also increased because of the anomalous 
behaviour of lightning itself. Thus instances have been 
known where lightning had penetrated the strongest casement 
walls, and yet left unconsumed powder lying in a loose 
condition close by; or where a house had been struck by 
lightning causing fire at a railway booking office more than 
half a mile distant. Indeed, it has sometimes been urged 
by those who lack precise knowledge of lightning and its 
(Meets that this force, unlike every force in nature, is erratic — 
not governed by law and even prone to act in violation of it. 
Such a view is of course unscientific and untenable. 

In the discussion following Sir Oliver Lodge's paper 
before the Institute of Electrical Engineers, the late Lord 
Kelvin, referring to the I*rofessor's suggestion **that common 
galvanized iron telegraph wire be run up all the corners of 
a house, along all the ridges and eaves, and over all the 
chimneys, taking them down to the earth in several places,'* 
said : — 

** Multiplying the mains by connecting a large number of comparatively 
small wires, instead of one clo^e conductor, does teem to me to be an impor- 
tant practical saggestion. I would take these galvanized iron wires— and the 
more of them the better— down all the comers and wherever they can be got, 
and connect every one of them to a water pipe. I woukl connect all pieces of 
meul to each other and to a water main if the latter b available ; if not 
connect them to the lightning conductor and give »/ a good earth." 

Prior to his lamented death Lord Kelvin was the greatest 
authority on electrical science, and the inference to be drawn 
from the foregoing pronouncement is that an installation of 
lightning conductors should be an approximation to a 
metallic cage since a building so protected is perfectly 
immune from danger. It happens, however, that the majority 
of railway engineers, without questioning the accuracy of his 
Lordship's opinions, not unreasonably object to the disfigure- 
ment of stone tracery and other portions of architectural 
ornamentation by the presence of a mesh of iron telegraph 
wires, which in five or six years time would be sufficiently 
oxidised as to require renewal. 

Furthermore the expense and inconvenience of con- 
necting all pieces of metal together and the whole of them to 
earth would be considerable; in the case of a large g«>ods 
warehouse it would be prohibitive. 

The question naturally arises, is it not possible, without 
sacrificing efficiency, to modify the before mentioned system, 
so that its several parts will not be unduly prominent? The 
answer is in the affirmative and many illustrations could be 
given did space permit. In the modified system referred to 
copper would be used throughout as the conducting niedium 
on account of its greater durability. A careful examination 
would be made of all the metals in the building, keeping- the 
system clear of those that cannot be connected, maintaining 
a respectful distance from all gas pipes, metallically uniting 
those metals which it is expedient and safe to do so, and 
making connections across gaps where harmful sparking 
would be liable to occur. It is along these general lines 
that reliability may be ensured even though it entails a 
greater mental effort. 

If a conductor fails (and this rarely happens, accordmg 
to the best information) it is due to an oversight of the 
scientific aspect of the matter and invariably might have 
been prevented at the expenditure of a few shillings. 

In order to better understand the prmciple at issue the 
fact is worth recalling that lightning conductors serve a two- 
fold purpose. I St, if a building is struck, the current passes 
to earth through the conductor instead of through the 
masonry or brickwork, thus protecting life and property. 
2nd, it also tends to prevent disruption by neutralising the 
opposite charge of elcctricitv in the thunder cloud to that 
induced upon the surface of the earth below it. As evidence 
thereof a brush shaped discharge may be occasionally seen 
at the final aigrette on a summer night. Thus a lightning 
conductor discharges functions similar to those of a safety 
valve which enables the steam to escape from the boiler before 
it has attained an explosive pressure therein. 

If, however, the thunder cloud becomes suddenly elec- 
trified bv a flash from a higher cloud there is no time for the 
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brush discharge to act and a flash is inevitable. Whether 
a conductor will prove effectual in safely conveying to earth 
the current at such a dangerous tension depends upon the 
manner in which the system has been installed; or in other 
words, whether strict attention has been paid to the danger 
zone of a lightning flash. Experience has shown that after 
all roof projections in the vicinity of lightning conductors 
have been put in communication with the latter lightning 
has diverged from the prescribed path and caused as much 
damage by lateral discharge as would have occurred by a 
direct lightning stroke. This lateral discharge or '* side 
flash/' as it is technically described, forms one of the greatest 
dangers of a badly planned installation, and indicates that 
the lightning has found a better conductor in a neighbouring 
^as pipe, or along some lead flashing, than is afforded by 
th*^ lighlnini; rod. 

The solution to the question of what constitutes the 
danger zone and what metal work should or should not be 
metallically united with the conductor system can scarcely 
to set forth in tabular form; it must be decided bv loril cir- 
cumstances based upon experience and a more than super- 
ficial knowledge of the business, as is the rule in other 
departments of railway administration. 

Assuming that the work has been cariied out in accor- 
dance with the laws which are known to govern the subject 
there yet remains two important matters which ought not to 
be overlooked. 

I. The necessity for periodical inspection. 

11. The value of a good earth. 

1. The necessity for Periodical Inspection,- -This implies 
a close study of the conditions existing fi< m time to time in 
a building. A conductor system may l:;ive been installed 
in a perfect manner; it may have been tested regularly twice 
per year, and the resistance, compared with previous read- 
ings found unaltered, and yet in the meantime some alteration 
to gas or water supply pipes, inside or outside the structure, 
may have been made which has rendered the system in- 
eflicient notwithstanding the satisfactory tests. These faults 
can only be discovered by a periodical inspection and a careful 
consideration of the problem in its altered phase. That this 
is no fanciful theory unsubstantiated by fact the following 
incidents will clearly prove. 

(a) In a certain goods yard the Agent gave orders for a 
sleepered stage to be built for the reception of petroleum 
casks. Unfortunately the vacant site selected was beside the 
warehouse wall, down which the main-lightning conductor 
was cleated. A cursory examination showed that any of the 
iron hoops encircling the casks could have been inadvertentiv 
left in metallic contact with the copper tape. As soon as the 
grave risk of fire involved by such a procedure was pointed 
(»ut the petroleum casks and sleepered stack were removed to 
a less dangerous situation with commendable promptitude. 

(6) A chimney conductor, on being tested, offered a re- 
sistance of 6*9 ohms. Visiting the place some time later a 
gas pipe was found stapled to the chimney at right angles to 
and in contact with the copper rope. This gas pipe led to a 
wood-built shed containing inflammable stores. If the con- 
ductor had been struck the shed would probably have taken 
fire, since a gas ** earth " measures but the fraction of an 
ohm and lightning takes the path of least resistance. The 
route of the gas pipe was diverted. 

(c) An iron fire escape was installed at the gable end of 
a five-storeyed goods ware house, the top porton of the ladder 
projecting six feet above the slated roof. Within two feet 
of the fire escape a lightning conductor and also a 4in. fire 
hydrant pipe were fastened to the wall near the same vertical 
line. Such an undesirable combination would have led to a 
lateral discharge; nay more, the fire ladder was more likely 
to be struck than the conductor because of its greater height. 
The danger was eliminated and the efficiency increased by 
connecting all three together top and bottom by a substantial 
metal band. 

77. The Valve of a good Earth,— In his valuable treatise 
on lightning guards Sir Oliver Lodge aflirms that ** a good 



earth is desirable chiefly to prevent damage to gas pipes, 
foundations and other things buried therein; also, second- 
arily, to keep down the total obstruction to the discharge 
and lessen the tendency to side flash as far as may be. No 
earth can prevent a tendency to side flash, but a bad earth 
may aggravate that tendency unnecessarily." Wherever 
possible it is desirable to attach the lower end of the con- 
ductor metallically with the town water main, not merely by 
winding it several turns round the pipe, but also by soldering, 
and that too with solder capable of permanent sojourn in 
damp earth. Should there be two conductors to a chimney 
the latter can be made exceedingly safe by connecting one 
to a water main and the other to a copper plate buried in 
damp sub-soil. 

The resistance of a water main ** earth '* rarely exceeds 
0.5 ohm, whilst that of copper plate immersed in soil water 
usually measures one or two ohms. No earth should be con- 
sidered satisfactory which registers more than 12 ohms, for 
the simple reason that with good workmanship it is quite an 
easy matter to keep within that figure of merit. But it must 
not be assumed that a conductor, perfect in other respects, 
would fail to perform its proper function if the resistance was 
higher than the figure quoted. One instance is remembered 
where a building similar in some respects to an ** American 
skyscraper was subjected to severe lightning flashes yet 
the conductor did not fail at the crucial moment notwith- 
standing that its resistance measured several hundred ohms. 
This of course is not a safe criterion. 

What is the best kind of material to distribute about the 
ground plate in order to obtain excellent results? The list is 
usually set forth in the following order : — 

I St, charcoal; 2nd, coke; 3rd, carbon; 4th, natural earth. 
With reference to charcoal, the worst that can be said 
against it is that of expense; and further, if generally used 
the demand would exceed the supply. Coke is not to be 
recommended because of the sulphur contained therein and 
its injurious effect upon the copper plate. The destruction of 



Corrosive eflfect of a copper earih plate embedded in cu'ce. 

the latter, embedded in coke, is a very real and serious 
matter. Through the kindness of Mr. Alfred Hands, the 
eminent London expert, an illustration is given herewith 
showing the effect upon a plate originally ^^in. thick taken 
up after being about a dozen years in coke. The sample is 
typical of many others. 

The choice then lies between carbon and natural earth, 
and in view of the excellent conductive properties of the 
former it is far preferable to the latter. Railway companies 
are in the unique position of having a plentiful supply of 
carbon for all requirements. Instead of throwing the uncon- 
sumed pieces of arc lamp carbons to the scrap heap or ballast 
♦ rain they can be collected in barrels at the various electric 
light dep6ts and consigned when full I0 whatever locality 
the authorities may decide. On certain lines the work of 
I'tjfhtning protection is relegated to contractors; still, a 
clause could be inserted in the specification enforcing the use 
of scrap carbon (about 6 bushels per hole) to be supplied by 
the railway company in every case. 

Railway buildings are admittedly vulnerable, but it is a 
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matter for conji^ratulation that a locomotive cab and ihc in- 
terior of a railway carriage are almost lijjhtninj^f proof. 
Should a flash strike either it would find such a ready escape 
through the metal frame work to the rails and to earth that 
danger would seldom occur ; fires never. And this is the 
reason why passengers experience no discomfiture during a 



The plant has been mounted by Mr. P. Drummond, the 
locomotive, carriage and wagon superintendent, on a steel 
underframe, details of which are given, by that gentleman's 
courtesy, in fig. 3. It is 45ft. long over the headstocks, 8ft. 
bin. wide, and is carried on two bogies, which are 32ft. apart, 



Fig. 1. — Porta l)lc Sions Breaking Plant. 



thunderstorm. The worst that could happen to an engine 
driver supposing his hand were upon the regulator at the 
moment of a heavy discharge would be a slight sensation — 
absolutely harmless — consequent upon the surging or wave- 
like effect of the current. 

Meteorologists tell us that thunderstorms are gradually 
increasing over the whole of Kuroj 
advantage ought to be taken of the 
modern science has revealed in relat 
atmospheric electricity and of the b< 
against its dire effect. 



centre to centre. 

The engine is a 16 B. H.P. Hornsby oil engine, with lamp 
ignition, and enclosed in the brake-compartment, 20ft. 2jin. 
long, which also contains a comfortable room, 5ft. long, for 
the engineman*s use when stationed at outlying places. This 



Portable Stone Brea 

The annexed illustrations show a 
plant which has recently been constri 
of Mr. Wm. Roberts, M.Inst.C.E., 
Highland R., and to whom we are ii 
particulars. 

Fig. I shows the complete plan 
machine itself was made by Messr* 
Co., of Leicester, and is similar to 
Automatic Stone Breaker illustrate 
cubing motion, only one toggle plat 
blows for each revolution. 

The stone is fed through a mouti 
and, when broken, passes into th 
which separates the small and c 
remainder passes on to an elevator 
armour-plated and provided with 
an improved tightening arrange- 
ment, and is raised into the upper 
screen, which parts it in lin. and 
2^ins. sizes into bins or out , 
through the chutes. Any larger 
pieces travel out at the end of the 
screen and fall direct into the 
mouth of the machine. 



Fig. 2. — ••Acme" Portable Automatic Stone Breaker. 
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Fig. 3.— Ptortablc Stone Breaking Plant. 



room has a berth for the engineman across the end, also a 
table and cooking stove. This accommodation is necessary 
as the object of the plant is to place it in a siding and break 
ballast from borrowing pits and rock cuttings. Suitable 
stone is found there, especially in the higher lying portions 
of the Highland Railway. 



The plant had to be put together with some care so as to 
clear the loading gauge. The chutes are collapsible, of 
special design, and will feed into wagons standing on ad- 
jacent roads» yet when raised for iravelling they clear the 
structure gauge. 
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Central South African Railways, 1907. 

The Annual Report of the general manager of the Central South 
African Railways states that during 1907 248 j miles^ were opened 
and i43i miles taken over, bringing the total mileage up to 
2,409. 

The revenue and expenditure compared with the figures for 
1906 were : — 

Revenue — 

1907. 1906. 

£ £ £ % 

Passengers 1.093,333 i»»57i244 — 63,911 or 551 

Parcels 83,381 102,034 — 18,653 ,, 1835 

Goods 1,826,060 2,239,954 — 413.894 „ 1 850 

Coal 868,536 911.234 - 42,698 ,, 469 

Live Stock 82,928 92,060 — 9.13^ ,1 9'9'2 

Miscellaneous 185.393 279,523 — 94»«3*> .. M'^^^ 

Total 4,139,631 4,782,049 — 642,418 ,, 13*40 

Expenditure — 

Working 2,011,154 2,163,571 — I5?.4i7 ,. 706 

Renewals Fund ... 356,281 680,710 

Special i.94» 34.43^ 

Total 2.369.376 2,878,713 

Balance 1,770,255 1,903,336 

The working expenditure amounted to 486 p<T cent, of the 
gross earnings as against 452 per cent, in 1906. If the amounts 
set aside for depreciation of capital assets be included, the per- 
cent.ige is 57*2 against 60*2 in 1906. 

The train mileage of 6,323,158 shows a reduction of 678,862 
miles or 9*7 per cent. 

The goods traffic, 4,686,888 tons, hauled during 1907 shows an 
increase of 26,599 ^ons as compared with 1906, while a reduction 
of nearly 10 per cent, in the train mileage has been elYectixi, not- 
withstanding that the average open mileage operatinl has in- 
creased by 254 miles. 

The total through goods traffic, inland and coastwards com- 
bined, shows a decrease of 71,528 tons as compared with the pre^ 
vious year. The tonnage forwarded to the coast colonies increased 
by 72,549 tons, but the traffic received from the coast colonies 
shows a falling off of 144,077 tons. The tonnage included in this 
last figure in respect of general goods only (i.e., the balance 
remaining after deducting the figures in respect of coal for the 
public and for railway use) is 107,935 tons, made up as follows : — 
C.G.R. Ports, — 29,095; N.G.R. Ports, —40,16^; Louren^o 
Marques, —34,365; other C.G.R. Stations, —8.875; other N.G.R. 
Stations, +4,563. Tlie shrinkage in the traffic from the ports 
alone amounts to 103,623 tons or 16 per cent., and as this general 
traffic from the ports constitutes by far the most profitable portion 
of the carrying trade the reason for the substantial reduction in 
the goods earnings will be apparent. While it is not improbable 
that as the country' becomes more prosperous this shrinkage will 
be arrested— at all events for some years — yet there has for some 
time past been every indication of an altered condition of affairs 
in South Africa generally and in the inland colonies particularly 
in regard to the transport of oversea goods as compared with the 
internal or local traffic of the two colonies. 

In striking contrast with the reduced tonnage of traffic re- 
ceived from the coast colonies is the increase in the traffic for- 
warded to the coast colonies. In general goods (including produce 
exports) this traffic shows an increase on the figures for 1906 of 
38,293 tons (64 per cent.), made up as follows :— To Cape R., 
7,097; to Natal R., 20,362; to Louren^o Marques R., 10,834. 

Three instances are quoted for the purpose of explaining the 
loss of oversea long-haul traffic : — 

(1) Time was when the bulk of the dynamite and other ex- 
plosives, of which so large a quantity is used in the Transvaal, 
was imported ready manufactured from oversea, for the convey- 
ance of which profitable railway rates were charged. Now the 
bulk, and very soon practically all, the explosives will be manu- 
factured in South .Africa from raw material cheaply imported and 
carried at low railway rates. It has further been established that 
it is possible, if needs be, for all the explosives to be manufactured 
in the Transvaal. During the year 1907 2,403 tons of manufac- 
tured explosives were imported into the Transvaal from oversea, 
and 5,511 tons from the Cape. 

(2) In the half-year ending 31st December, 1905, the weight 
of candles imported from oversea into the Transvaal was 3,807 
tons, in the year 1906 it was 6,179 tons, and in the year 1907. 
3,561 tons. There were also received from the Cape ciuring the 
two and a half years 906 tons of candles. The probability is that 
during the next and following years the Importation of candles 
from oversea into the Transvaal will be practically unknown, 
and that it will be left to the railways to carry the raw materials 
required for the manufacture of the candles in the Transvaal 
(whether such raw materials are obtainable in South Africa or 



imported from oversea) at the greatly lower railway rates natur- 
ally charged for such classes of trafl^c. 

(^) In the half-year ending 1905* the weight of cement imported 
(which was also carried at profitable railway rates) into the Trans- 
vaal was 20,176 tons; in the year 1906, 25,343 tons; and in the 
year 1907, 14,957 tons. Cement is now being manufactured iii 
the IVansvaal (from raw materials obtained locally and carried 
by rail for short distances and at low nites) of such n quality and 
even standard that it promises to displace imi>orted cement in 
ordinary use almost entirely. It has already done so to a ver>' 
considerable extent. 

These three illustrations are cited as case?* where the course.* 
of railway transport has been altered without the aid of prefer- 
ential railway rates. In each instance the volume of traffic 
affecti»d is considerable. In quoting these particular cases it is 
not the desire to suggest that indu!»tnes should be created or 
maintained by such artificial aids as preferential railway ralev 
On the contrary, the purpose is to show the effect on 
railway revenues of the establishment of local factories 
and industries and the necessity that has already arisen 
for the revision of the methods of railway rating so as to corres- 
pond with the changed conditions of trade. The nece.vsily for 
such revision is particularly urgent in the case of the C.S.A.R., 
by the reason of the short distance which local traffic is carried 
on the average. .\s already mentioned, the tonnage of local coal 
for public use (which i* included in the lowest tariff) was 2.473,349. 
or 61*4 per cent, of the total public traffic (through and local) 
carried. Of this, 940,000 tons approximately was carried for 
distances under 51 miles. Of the remainder, about 1,170,000 tons 
was carried for distanc€»s between 51 and 100 miles, leaving only 
363,(K>o tons to be carried to all places distant over 100 miles. 

.Similarly with other local public traffic, which amounted to 
454,015 tons. Approximately 110,780 tons was carricnl undtT 26 
miles, 118,498 tons from 26 to 50 miles, 93.981 tons from 51 to 100 
miles, 66,280 tons from 101 to 150 miles, and only 64,470 tons 
over 151 miles. It is to be remembered that the terminal ser- 
vices have to be rendered at both ends by this Administration in 
the case of local trafl^c. Such terminal ser\nces cost the same, 
whether the traffic has to be carried 10 miles or 1,000 miles, 
lliere is the further expensive consideration that, in order to secure 
economical working, the engine runs must be as long as is reason- 
ably practicable. It is not usually practicable, when detaching 
trucks at stations short of engine runs, to replace them by others, 
and under such circumstances (which are very common in work- 
ing short distance traffic) trains travel for the remainder of the 
distance short of the full engine load. Of course arrangements are 
made to keep such expensive working at a minimum, but all the 
same considerable wastage necessarily occurs in handling such 
short-haul traffic. 

In addition to the tree-planting at the Government Farm near 
Pan Station, of which there still remain about 500 acres to be 
planted— making a total of 2,115 acres— a commencement has been 
made with tree-planting operations on the farm ** Jessievale," 
east of Breyten, by arrangement with the Agricultural Depart- 
ment of the Transvaal, who are undertaking the work of 
cultivating 381 acres as a first instalment on behalf of tht* 
.Administration. A commencement has also been made with tree- 
planting in the Orange River Colony on the farm ** Imperani," 
in the Ficksburg distnct. Good progress has becMi made with the 
214 acres authorised. The following varieties of trees are being 
grown :— Eucalyptus Microtheca, E. Rostrata, E. Slderoxylon, E. 
Tereticornis, and mixed Conifers. 

Steps have been taken to extend the workshops at Pretoria and 
Bloemfontein, and to obtain the necessar\' additional niachiner) — 
so far as was absolutely essential. The' extensions of the work- 
shops at Pretoria and Bloemfontein which were decided on, so to 
admit of any carriages and wagons required being built in the 
country, are nearing completion. In the meantime so much 
carriage and wagon building as was possible with the accommo- 
dation and machinery available was undertaken during the year. 

In view of the constant and lengthened controversies regarding 
the merits of the several routes and South African ports for the 
conveyance of traffic to and from the inland centres in the Trans- 
vaal and the Orange River Colony, Mr. J. Conacher, formerly 
general manager of the Cambrian and of the North British R,, 
assisted by Mr. Fiddian, North-Eastern R., was .ippointed to 
investigate and report on the matter. His report has been 
published. While it contains little that was not prtniously known 
and accepted as being the general position by other than parti/ans, 
the report is of especial value in emphasising so forcibly that 

•Note. — The reason for the ficures for the last six months only being 
given for the year 1905 is that it is the period given in the Customs Bureau 
SUdstics. 
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under existing conditions trade route disputes must, from the 
nature of things, be expected, and that the only satisfactory solu- 
tion of the problem lies in the amalgamation of all the railways 
and harbours under one administration and authority. Further, 
that the combined railways and harbours must be administered 
solely from the point of view of transport purposes, and that the 
revenue denve<i should be applied solely to railway purposes, includ- 
ing, of course, payment of interest on the capital outlay. All who 
have had any extended experience in dealing with the complex 
issues involved, whether colonial, commercial, or official, will 
entirely share Mr. Conacher's conclusions in this respect. 

The employment of white (in place of native) labour on piece- 
work, on new construction platelaying has been continued during 
the year without adding to the expenditure. The practicability of 
earthworks being efficiently carried out by white labour on piece- 
work at no greater cost than was paid to contractors employing 
native labour has been already established in the two Colonies, 
and when railway building is resumed, it is proposed to arrange 
accordingly. Such work is congenial and is sought after by 
white men who have become accustomed to it. At one time 
there was some difficulty in inducing the men to seek the plate- 
laying and ballasting work in the past, but during the building of 
the Bloemfontein-Kimberley railway the men gave the platelaying 
work a trial on piecework, appliances suitable for handling the 
rails having been provided by the Administration. The work was 
arranged in detail by the engineer in charge, and the men soon got 
inien-sied in it. Moreover, the emulation of the men working 
together in the several sections gave zest to the employment. The 
result was entirely satisfactory both to the men and to the Ad- 
ministration. Much credit is due to Mr. Jack, the engineer 
in charge of the work, and to Mr. Wall, the chief engineer, for 
the personal interest he has taken in making the experiment a 
.success, 'JTie endeavour to get the ballasting of the line done by 
white labour was not so successful. The work is laborious and 
uninteresting, and in consequence a portion only was done by 
white labour on piecework, the greater part being done by natives. 

The distress among the poor whites became so acute that 



employed on various classes of work which has hitherto been 
generally regarded as only justifying the employment of Kaffirs. 

Since the beginning of the year several hundreds more indigent 
whites have been employed on the same class of labour. 

It is too soon to determine yet whether the experiment will 
prove successful, f.t'., whether the indigent whites will continue 
in any numbers in permanent railway employ on the present terms, 
and, if so, whether they will become efficient at the work they are 
engaged to perform. 

With a view to giving the experiment a thoroughly fair trial, 
to remove any misunderstandings on either side, and to adjust 
any difficulties where possible, the company have engaged the 
services for a time of Mr. Bredell (who is well known to the 
workers) inspector of white labour. This appointment has proved 
beneficial in various ways. 

A most satisfactory record in respect of native labour has been 
established during the period under review. 

The average monthly number employed during 1907 was 7,916 
as against a monthly average during 1906 of 9,495. This reduc- 
tion has been effected in spite of increased mileage, and points 
to the attention that is being given to obtaining efficiency, and that 
better work is being done with a smaller number of natives. 



Forced Lubrication for Axle- Boxes.* 
By Mr. T. HURRY RICHES, President I.Mech.E., 
and Mr. BERTIE REYNOLDS, Taff Vale Railway. 
This Paper describes a system of Forced Lubrication as 
arranged for the driving axle-boxes of some of the steam-cars 
of the Taff Vale R. Before entering into a detailed description 
of the system used, it will perhaps be advisable to give a few 
of the more necessary particulars concerning these cars. 

The engine is- carried on a four-wheeled truck of 9ft. 6in. 
wheel base and 2ft. loin. diameter wheels, the boiler (of double- 
ended locomotive type, lying transversely across the frame) being 
placed immediately over the centre of the leading or driving-axle. 
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Forced luMeation applied to Driving Agde-Box 
m Taf Vale Railway, 




urgent application was made on their behalf for work on which 
natives were employed in goods sheds, station yards and else- 
where, even if they were only paid at the same rate of wages 
as the KaffUs were receiving. With the need for economy and the 
falling revenue, it was impossible to pay appreciably more than the 
work was worth and was actually being done for by native labour. 
An offer was, however, made that if a lesser number of whites 
undertook to perfonn efficiently between them the work done at 
Volksrust by the natives, the difference in pay would be divided 
between them. 

The experiment at Volksrust proving successful, it was ex- 
tended, and at the close of the year about 300 whites were 



The front end of the coach is supported by means of a bogie 
centre, carried between the frames at a distance of 4ft. from the 
trailing-axle, or 5ft. 6in. from the leading-axle. When the car 
is loaded with its full complement of passengers, the weight on 
the driving-axle is 15 tons 13 cwts., the weight at the rail being 
17 tons 6 cwts. The journals are 6in. diam. by gjin. length ; 
therefore the pressure, taking two-thirds of the projected area of 
the brass as bearing area, is 466 lbs. per sq. in., the number of 
the revolutions of the journal, at a speed of 30 miles per hour, 
being practically 300. With this pressure and high rubbing 

*Kead before the Institution of Mechanical Engineer^. 
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Fig. 2. -Oil Tank and Pump for Steam-Car on Taff Vale R. 



velocity an undue amount of oil was beingf used with the ordinary 
method of lubrication, while cases of the bearing^s running hot 
were not infrequent, therefore the following arrangement for 
lubricating the journals under pressure was adopted. 

To a cross-stay in front of the driving-axle, fig. i, a small 
gun-metal tank of rectangular section, fig. 2, is fixed. On the side 
of this tank, nearer the driving-axle and in connection with the 
tank, two small rotary pumps — right and left-handed— are fitted, 

! 



Following the process through, for the lubrication of one of 
the journals, when the car is in motion, oil is pumped from the 
tank and forced through a coiled copper pipe to the top of the 
axle-box, fig 3. An oil channel, Sj in. long, -jV >"• deep, is 
cut in the crown of the box, leaving a margin of metal at each 
side of the channel of gin. flat, which is found, when the box 
is properly bedded to the journal, to be quite sufficient to ensure 
that it shall be pt^fectly oil-tight at the pressures attained. 
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Iccps for Steam-Car on Taff Vale R. 



the one for forward running and the other for backward running. 
These pumps are driven directly from the driving-axle by means 
of a belt passing over a flanged pulley carried midway between 
the pumps, the pulley containing on each side of it a roller- 
clutch, somewhat similar to a free-wheel arrangement, fixed to 
the driving-spindle of the pumps. By these means, the one 
belt drives either pump forward or backward, the other pump 
being free. 



After passing round the journal, the return oil is collected in 
the axle-box keep, and from there is brought back to the tank 
by means of a flexible pipe which allows for the rise and fall 
oj the axle-box, care being taken that the reservoir into 
which the oil is returned is sufikiently below the keep to drain 
it. At each side of the axle-box keep a half-ring is fitted with 
bearing area about §in. wide. These half-rings are bedded well 
to the axles, and are supported upon a couple of small coil 
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springs which hold the rings up to the journal with a fair 
pressure, and so prevent the escape of oil along the journal on 
the bottom side. The supply tank is so arranged that the return 
oil, after draining from the keep into it, shall pass through a 
filter before being again sent through the pump. Such briefly 
is a general description of the method adopted. 

Nlany points arise however in regard to the working of the 
arrangement which it will be well to explain. In the first place, 
the pumps when running fast (at a speed of 30 miles per hour, 
the revolutions of the pump are 440 per minute) deal with a 
greiiter quantity of oil than can be accommodated in the circuit 
at a pressure of; say, 20 lbs. per sq. in., above which, in practice, 
it has not been found advisable to work. A relief valve is there- 
fore fitted to each pump with an adjustable spring which enables 
the pressure at which each pump shall work to be regulated. 
The excess oil, when pumping, simply passes back into the tank 
again, through the relief valve against the pressure of the spring. 
A small pressure-gauge connected to each pump, and fixed in the 
driver's cab, shows the pressure of the oil pumped on both 
forward and backward running, whilst also acting as an indicator 
should failure of either pump occur at any time. Should this 
happen from any cause, the ordinary system of lubrication, by 
means of a lubricating-box in the cab, is at hand. This 
lubricating-box is also necessary, to enable oil to be put into the 
axle-boxes after the car has been standing for a aay or two, 
and so avoid starting away with dry axle-boxes. 

To prevent the oil from the running pump flowing into th« 
other pump and causing it to run backwards, a small ball-valve 
is placed in the three-way piece leading from each pump to the 
circuit. The movement of the axle-boxes relatively to the tank 
an,d pumps was met in the first instance by trying different sorts 
of flexible piping, but finally^ ordinary coiled copper piping was 
adopted, both on account of its comparative durability and of its 
a(;cessibility at any time. 

The belt drive for the pumps at once 
gives a simple method of driving and one 
which allows for a small relative motion 
of the axle and pulley. It is apt, however, 
to soon become saturated with oil and then 
slipping occurs. An occasional application 
of one of the various belting mixtures, 
however, greatly reduces this slipping. 
When equal relief-valve springs were put 
in, it was noticed that the pressure indi- 
cated for forward and backward running 
varied considerably, probably duo to the 
difference in the slip of the belt in each 
case. The filters in the tank are remov- 
able, and are taken out and cleaned at 
the end of each day*s work, the oil being 
first drawn off through the stop-plug, the 
thicker part of the oil, after straining, 
being then replaced by a small supply of 
fresh oil. v, 

The foregoing description shows one ^ 
method of dealing with an everyday pro- 
blem in connection with the running of 
railway motor-cars, or any rolling stock 
in which the pressure on the bearings, 
combined with the rubbing velocity, is 
excessive. The matter is one of import- 
ance to all concerned in the design and care of such stock. This 
short Paper has been written in the hope that it may be useful 
tvi some mvestigators of this subject. 
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Insulated Steel Sleepers. 
Steei. sleepers were first tried on the Bessemer and Lake 
Erie RR. in 1900. They were of the inverted trough-shaped 
type, 5 in. wide by 34 in. deep, and weighed 208 lbs. The 
packing of the sleepers with the ordinary tools was found 
to be difficult and unsatisfactory. Subsequently I beam steel 
sleepers, weighing 180 lbs., were tried, and 1,200 were laid 
in October, 1904. The result of the trial was that 68,521 
were laid down in 1906, and 98,296 in 1907, and soon there 
will be no less than 252,558 of these steel sleepers in use on 
the Bessemer and Lake Erie RR. 

On the Pittsburg and Lake Erie RR. 3,000 have been 
laid, and Mr. J. A. At wood, the chief engineer, has been 
good enough to send us some particulars concerning them. 



They have been laid in the north-bound freight line near 
McKees Rocks. They are spaced 20 ins. apart centre to 
centre, and ballasted with rock ballast as shown in fig. i. 



Fig, I. — Insulated Steel Sleepers. 

They are made by the Carnegie Steel Co., and are 5^ ins. 
deep, 4^ ins. wide over the top flange, 8 ins. wide over the 
bottom flange, and 8 ft. 6 ins. long. At 6 ins. from each 
end the bottom flange is indented so as to form projections 
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Fig. 2.— Insulated Steel Sleepers. 

on the underside to resist lateral motion. Eight ov^al holes 
i^ in. by || in. are punched through the top of the sleeper, 
four on each side, through which the fastening bolts are 
inserted. For the 100 lbs. Am.Soc.C.E. standard rail the 
holes are 8^g ins. apart, and for 90 lbs. they are 7^ ins. 
The fastening bolts are put through from the underside, 
the heads being made to fit the taper of the flange, as shown 
by fig. 2. The rails are secured by a clip having a hole 
i^ in. diam. 

Where track-circuits are employed for signalling purposes 
a composite insulation bushing, \\ in. diam. outside, placed 
inside the clip, and within this a malleable iron bushing 
\\ in. diam., through which passes the fastening bolt. A 
fibre insulation plate, 12 ins. by 4^ ins.^is also placed 
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provided with a strong internal tie 2iin. diam. to resist the gradually and gently. 

wedging strain set up by the load. .^fter the ballast has been deposited between the rails by 

The Great Central R. use similar hopper wagons, but the hopper wagon the train is drawn forward and (on rail- 

their door is moved by a ratchet wheel so as to be opened ways adopting the system) the ballast is spread evenly by 



Fig. 24. ^<-^ I 
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Fig. 23. 



a plough attached to the van. Fig. 21 is a photograph of 
the ballast spreading vans on the Caledonian R.* There is 
a plough at each end which is raised or lowered by means 
of a hand wheel and screw forming the main gear. There 
are also two auxiliary screws to each plough — one on each side 
of the main screw — whereby the weight of the plough can 
be taken off the main gear. The spreading plates form an 
angle of 97" to each other. They are 8ft. 3in. broad and 
extend over the rails, for which they are recessed to clear, 

* Sectional drawings and a full description of these vans appeared in The 
Railway Engineer for February, 1908. 



SO that ballast is spread over the ends 
of the sleepers. When not in operation 
the spreader is raised by the hand-wheel 
and when fully up the bottom is loin. 
above rail level. When in work tht* 
lowest part Ls 5in. below rail level. 

Besides the Great Western and the 
Calendonian Rs. such ballast spreaders 
are used on the London and South 
Western, the Great Central, and Great 
North of Scotland Railways. The New 
South Wales Government R. have had 
the system in operation for some years, 
and in one of the Commissioners' annual 
reports it was sweated that ^2 cubic 
yards of ballast were unloaded and 
spread over 250 yards of railway in 5 
minutes, employing only 2 men, where- 
as by the usual method 24 men would 
have been occupied i^ to i^ hours in 
doing the same work. 

In America larger cars are used for 
ballast purposes. One of these is the 
Hart Convertible Car made by the 
Rodger Ballast Car Co., of Chicago. 
These may be arranged to ** side-dump" 
for construction work, ** centre-dump *' 
hopper for ballasting, or as gondola 
(low sides) cars for general service. 
They take a capacity of 40 tons and 50 
tons. It is claimed that from $200 to 
$400 per mile may be saved by the use 
of these cars in depositing ballast in the 
middle of the line instead of the usual 
method of depositing it at the side and 
then shovelling it into the ** four-foot.** 
Thirty yards per minute can be placed on 
the line, and one run will provide 1,000 
to 1,200 cubic yards of ballast per mile, 
or equal to a sin. to 6in. rise. It is 
further claimed that it is cheaper to go 
over the same ground three times with 
this method than once by any other. 

Figs. 22 and 23 illustrates the 40 

tons wagon, and figs. 24 and 25 the 50 

tons. The former is 36ft. long over the 

headstocks and 8ft. 11 in. wide inside. 

When arranged as a ** centre-dump " 

car it has a capacity of 30 yards, and 

when arranged for ** side-dump *' with 

a level floor of 44 yards. The 50 ton 

car is 41ft. 6ins. long and 8ft. Sins, inside width. It has 

a capacity of 85 yards when arranged with a hopper and P8 

yards when arranged for ** side-dumping.** 

Another American car is the Goodwin,, which will "dump" 
or discharge from the side or middle or from both simultane- 
ously. 

Sleepers, 

On this one subject alone enough might be said to fill a 
good-sized book, even if only timber sleepers were dealt w»th. 

The woods mostly used are fir, pine, oak, beech, larch, 
eucalyptus, the hard wood of Australia, etc. Nearly all 
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British and Danish railways use Baltic 
red-wood, thouj^h a jjood deal of Aus- 
tralian hard wood has been laid in this 
country in recent years. Green oak is 
found on the French lines, green pine 
on the Russian, and oak on the .Ameri- 
can. 

The British standard size for soft 
wood sleepers is 9ft. long- by loin. wide 
by 5in. thick. On the Continent the 
general sizes arc 2m, 600 (8ft. 6*4in.) 
long by 180 WW. (7in.) by 120 mm. 
(472 in.), whilst American railways use 
sleepers (or ** ties,*' as they arc called 
in America) 8ft. or 9ft. long by 8in. or 
gin. wide by 7in. deep. Sleepers made 
from timber that is only large enough 
to give one sleeper per cut are the best, 
as the heart is along the centre. Where 
a cut yields a piece of timber, termed a 
•* billet," wide enough to make two 
sleepers the question arises as to whether 
the sleeper should be laid heart or .sawn 
side upwards or downwards. The 
practice varies, as does the habit of 
having the top or sides of both rounded. 

The stacking and seasoning of 
sleepers before they are treated for pre- 
servation, or, if not treated, then before 
they arc put into the road, are very 
important matters for consideration, par- 
ticularly from a financial point of view. 

With the object of prolonging the 
life of sleepers they are usually sub- 
jected to some chemical or pickling pro- 
cess. Soft wood sleepers are usually 
creosoted. (A series of articles on 
"Wooden Sleepers*' was published in 
the Railway Engineer for December, 
1905, March, 1906, May 1906, July, 
igoTj, and January, 1907, and in which 
the various processes were described at 
considerable length.) 

The number of sleepers to each rail 
varies, first, according to the length 
of the rail, and, secondly, to local 
practice. In America they are closer 
together than in England. They have 
2,816 sleepers in one mile of line, whiJst we have 2,11: 
mile with rails 45 ft. in length. 

In addition to wooden sleepers, there remains to be con- 
sidered the use of steel sleepers and those, recently introduced, 
of ferro-concrcte. Reference is made elsewhere in this issue 
(p. 367) to one pattern of steel sleepers. 

Another question to be considered is whether sleepers 
should be covered by ballast. On the P.L.M. of France 
they are covered to a depth of 3 or 4 ins., and in warm and 
dry countries such may be beneficial, but the general opinion 
is that no harm can arise from the tops of the sleepers being 
bare, even when they have not been treated. 
(To he continued,) 
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Fig. 25. 

Electric Locos for Railway Trains. 

The probletn before the electric locomotive engineer is the 
transference of the power from the overhead conductor, or 
conductors, or from the insulated track conductor, to the 
axles of the driving wheels of the locomotives, in such a 
manner that the train is under complete control, from the 
driver's cab. And by complete control is meant the abilitv to 
provide the acceleration necessary to get up speed quickly on 
leaving a station, to vary the speed of the train as may be re- 
quired, by the exigencies of the road, and to slow and stop 
the train quickly on emergency. It was explained in some 
articles which appeared in The Railway Engineer* that for 

*St;e Electric Motors for diiving Machine Tools in April, 1906, Jane, 1906, 
and September, 1906. 
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workshop driving two forms of electric motor are available, 
viz., those working with continuous, or, as they arc some- 
times called, direct currents, and those working with two or 
three phase currents, and that the principal difference between 
these two forms of motors — two and three phase motors may 
be considered as variations of the same type — is in the fact 
that continuous current motors have commutators, and two 
and three phase motors have none. For railway work a third 
form of electric motor has been introduced, known as the 
single phase commutating motor. It was explained in the 
articles referred to that the single phase motor is of no use 
for workshop driving, and that it was on account of its short- 
comings for work of the kind that two and three phase motors 
and two and three phase systems of distribution had been 
developed. It was explained that the single phase motor will 
not start against a load heavier than its normal, and that it 
will pull up if the load exceeds the normal. It was further 
explained that one of the peculiarities of alternating current 
motors is the fact that they are obliged to keep step with the 
generators which furnish the currents that drive them. 
Alternating currents, it will be remembered, rise and fall and 
reverse a certain number of times per second, and they do so 
in a certain regular order, each current rising and falling in 
a certain definite way. To accomplish this, the alternating 
current generators are constructed in a manner which pro- 
vides for the rise and fall, and the number of alternations is 
accomplished by the number of magnetic poles, and the speed 
at which the machine runs. The motors which receive current 
from an alternating current service must take these currents 
exactly as they are generated, and use them exactly in the 
form in which they are delivered, and the successful operation 
of alternating current motors depends upon their properly 
accepting the successive alternations of the different currents, 
and properly employing them, by inducing other currents in 
the rotating portion of the apparatus. If the rotating portion 
of the apparatus cannot have the necessary currents induced 
in it, to enable it to set up the attraccions and repulsions that 
give it motion, it gets out of step, and first loses its efficiency, 
and finally stops altogether. Two phase and three phase 
motors are now made to stand at least double their normal 
load without getting sufficiently out of step to lose the induc- 
tive action mentioned above. The ordinary single phase 
motor, however, has not yet, so far as the writer is aware, 
been able to accomplish this. But the form of single phase 
motor that has been developed for railway work is an appa- 
ratus quite distinct in itself. It is really a continuous current 
motor, with all the appliances, commutator, etc., that have 
been described in previous articles as being necessary parts of 
the continuous current motor, and it responds to, and will 
work with, continuous currents. In addition, however, to the 
continuous current accessories, arrangements are made for 
the motor to accept alternating currents. In the case of the 
single phase commutating motor two slip rings, as they are 
called, are fixed on the axle of the rotating portion of the 
motor, on the opposite side to that on which the commutator 
is fixed. It will be remembered that slip rings are the usual 
adjuncts of alternating current machinery. They perform one 
of the offices for the alternating current generator, or motor, 
that the commutator does for the continuous current gene- 
rator or motor. It will be remembered that one office of the 
commutator of the continuous current motor is the delivcrv to 
the coils on the armature of the current from the distributing 



cables. The slip rings mentioned above perform the same 
office for the single phase commutating motor, in connection 
with the alternating currents. The two slip rings arc con- 
nected to certain points in the armature coils, so arranged 
that the alternating currents passing to the slip rings, and 
thence from them to the armature coils, produce the attrac- 
tions and repulsions between the magnetic fields created by 
the currents passing in the armature coils, and those in the 
stationary portion of the motor, ihat will set up rotary 
motion. Each slip ring is connected to two points i8o° apart 
on the armature coils, the two sets of connections being there- 
fore 90° apart, and the armature coils being divided into four 
parts by the four connections leading from them to the slip 
rings. The current is brought to the slip rings by brushes 
bearing upon them, the brushes being held by shoes, sccuied 
to any convenient stationary part of the machine, and the 
shoes or the spindles to which they are attached having ter- 
minal screws upon them, to which the ends of the supply 
cables are connected. The course of the alternating currents 
then, is from the supply cables to the slip rings, and thence to 
the armature, where they divide into two portions, embracing 
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Fig. I. — Showing diagrammatically the connections to a continut.us airrent 
armature, to enable it to work with single phase alteri ate currents. 
The slip rings shown on the left of the longitudinal secii* n, and in 
the centre of the transverse section all connected to points on the 
armature coils 90"" apart. 

between them the whole of the armature coils. Fig. i shows 
diagrammatically the arrangement of the connections for the 
armature coils to the alternating current service. The single 
phase commutating motor, it will be understood, responds to 
both continuous currents and single phase alternating cur- 
rents, and it has been developed largely for those services 
which run between large towns, and in which high tension 
single phase alternating currents arc employed outside of the 
towns, and comparatively low tension— 500 or (xx) volts con- 
tinuous current — are employed in the towns. In practice, the 
motor may be considered as two distinct machines, according 
to whether it is furnished with a continuous current or single 
phase alternating currcuis. The change over from single 
phase to alternating is made by the driver on his arrival at 
the point where the supply service changes. The arrangement 
detailed above has been known for a long time, but it has only 
been brought to the front within recent years, owing to the 
demand for a flexible electric motor that would operate with 
only one supply conductor, either overhead or on the track. 
The motor as described is not complete. It does not suffi- 
ciently meet the requirements of a railway service, as de- 
scribed above, and additions, therefore, are made to it that 
will be described later on. 

Another reason for the development of the single phase 
motor was the difficulty of constructing continuous current 
motors for high pressures. From the articles that have ap- 
peared in The Railway Engineer upon ** The Distribution of 
Electric Current to Railways " it will be understood that thi* 
tendency of electric railway work is naturally to higher and 
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hijj^her pressures. As explained in those arlicles» the higher 
the pressure at which the current can be transmitted, the 
smaller is the wire required to transmit it, the greater the dis- 
tance over which power can be transmitted economically, and 
the more economical is the whole thing generally, where dis- 
tance and power come in. As explained also, the early motors 
for trams and trains were worked at 500 volts, later motors 
working up to Ooo and 650 volts, and it being arranged to 
utilise as much as 2,000 volts on a direct current railway ser- 
vice, by connecting motors together in series. But it will 
be quite evident that the limit in this direction is soon 
reached, and that the demand must arise for a motor that will 
work with higher pressures. One difficulty which has arisen, 
even with the comparatively low pressure of 600 and 650 
volts, is the flashing at the brushes. As it has been explained, 
every change in the distribution of the current feeding any 
railway system gives rise to what are called inductive effects 
in every part of the system. Thus the sudden stoppage of 
several trains taking a large amount of current, or the sudden 
starting of several trains taking a large amount of current, 
give rise to inductive effects, which are felt by every motor 
on the line, and which lead to temporary flashing at the 
motors. In addition, when starting from rest, the powerful 
rush of current through the armature, tending, as it does, to 
overcome the magnetism of the stationary portion of the 
motor, also tends to cause serious flashing or blazing at the 
brushes. Designers of electric motors are able to overcome 
these difficulties by a special construction, and by the addition 
of what are called compensating windings. The special con- 
struction consists in laminating the iron of which the field 
magnets are constructed, so as to provide no closed secondary 
paths, and the compensating windings are arranged to neut- 
ralise the demagnetising effect of the powerful rush of current 
through the armature coils on starting. Continuous current 
motors can be constructed on these lines up to pressures of 
1,500 volts, but for large railways 1,500 volts will not carry 
very far. As a matter of fact, on several of the electric rail- 
ways at present in existence pressures of 6,rx)o, and even 
11,000 volts, are delivered to the overhead trolley wire. But 
the construction of the continuous current electric motor for 
1,500 volts, with its laminated iron, and its compensating 
windings, is a construction that can be adapted to accept 
alternating currents, and to convert them into mechanical 
power satisfactorily. And this is really the construction of 
the single phase alternating current motor. It is a series 
wound continuous current motor, with laminated field magnet 
cores and compensating windings. 

Another reason for the development of the single phase 
motor has been referred to in the articles on the distribution 
of current to electric railways, viz., the fact that with either 
two phase or three phase distribution the full pressure of the 
ser\'ice must exist between two overhead conductors, while 
with single phase working the full pressure only exists be- 
tween the overhead conductor and the return conductor. 

Compensatinij; Arrangements for Single Phase Commutating 

Motors. 
The single phase commutating motor, as mentioned 
above, has taken various forms, according to the ideas 
of the particular inventors. The simplest arrange- 
ment is that employed by the Cleneral Hlectric Com- 
pany of America and others, shown in fi^. 2, in which 



an additional winding is added to the field magnet coils. 
The additional winding is intended to overcome the diffi- 
culties in connextion with an ordinary single phase motor 
and to provide accurate regulation, and in addition to over- 
come the difficulties of sparking when the speed of the motor 
is increased. In the articles upon ** Electric Motors for 
Driving Workshop Tools '* the methods of varying the speeds 
of electric motors were described, one of them being the re- 
duction of the strength of the magnetic field of the motor 
when increased speed is required, the additional power being 
made up by additional current passing through the armature. 
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Fig, 2. — Showing one form of compensating winding for series wound con- 
tinuous current motor, when working with single phase alternate 
currents. M* are the regular series coils, and C is the compen- 
sating coil. 

With this method, however, when the magnetic field is 
weakened below a certain strength sparking at the commu- 
tator brushes takes place, and to meet this the commutating 
polar machine was introduced, the office of the additional 
poles being to neutralise the sparking by extinguishing the 
powerful current passing in each coil at the moment of com- 
mutation. The compensating windings in the simplest form 
of single phase commutator motors are practically arranged 
for the same purpose, and they are sometimes embedded in 
slots in the field magnet poles, and sometimes have other 
arrangements. The compensating winding is also added for 
the purpose of enabling the motor to furnish current to the 
distribution service when the train is going down hill. It has 
been explained that any continuous current generator is also 
a motor, and vice versa. If it is driven by mechanical power 
it will furnish current, and if it is furnished with current it 
will deliver mechanical power. Further, this reversal takes 
place automatically in the case of machines that are subject 
to reversals of power. Thus in the case of a motor driving a 
tramcar or a train, so long as it is furnished with current from 
the distribution service, it will work as a motor, and drive the 
car or the train, but if the car or the train is going down hill, 
and is furnishing mechanical energy to the motor, the latter 
will generate current, and should, with proper arrangements, 
deliver it to the distribution service. In the Central London 
Railway this property is made use of in the well-known 
arrangement by which, between each station, the train first 
descends for a certain distance, and then ascends. Further, 
the lifts, which are driven by electric motors, take current 
from the service when they are ascending, and deliver current 
to the service when they are descending. In street tramcar 
work it has not been possible to make use of the recuperative 
effect of motors upon tramcars going down hill, for various 
causes which cannot be entered into here; it may be men- 
tioned, however, that methods are being developed which 
enable them to do so. For suburban traffic^n which trains 
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are required to start and stop very quickly, and in which a 
large power is required during the acceleration period, the 
recuperative effect mentioned is of importance, and this is 
obtained by the compensating winding described above. 
(To be continued.) 



Repairs, Renewals, Deterioration and Depreciation 
of Workshop Plant and Machinery .♦ 

Most of the details of the management of an engineering estab- 
lishment have, within recent years, been systematiscd. Systems 
now govern General Office, Drawing Office, and Works, from the 
filing of correspondence onwards ; and no modern business can be 
economically carried on without them. They are the result of 
careful study of the requirements common to all engineering 
establishments, and the fact that they are systems points to a 
general consensus of opinion that what is good for one, is good— 
with modifications— for all, and that certain definite principles are 
applicable to all cases. 

It therefore appears strange that the method of dealing with 
the wear and tear, repair and renewal, and depreciation of plant 
and machinery, has escaped attention, and that there seem to be 
as many different ways of treating this question as there are engi- 
neers, or, perhaps it should be said, as there are accountants. 

Possibly a discussion of the subject by the Institution may tend 
towards some approach to uniformity of practice amongst the 
mechanical engineers having control of manufacturing works ; and 
the author has therefore endeavoured in this Paper to bring forward 
the points which govern the question, and to make some sugges- 
tions for a system which shall provide for the proper upkeep of 
machinery, and for its replacement when no longer useful. This 
is a matter so vital that he hopes it may be found of sufficient 
interest for discussion, although the subject differs somewhat in 
character from those generally treated at these meetings. 

The matter is very far from being, as many seem to believe, 
merely a matter of accountancy ; in fact, the first reform would be 
to transfer the control of the machinery stock book, and every- 
thing connected with it, from the accountant to the engineer. 
While this Paper was in course of preparation, the subject of 
depreciation was treated in a leading article in an engineering 
journal, upon which comments were made by correspondents. This 
appears to indicate the recognition of the fact that the subject is 
an engineering one, and that our attention may with advantage 
be directed to it, while the correspondence also mdicated diversity 
of opinion as to how it should be dealt with. The article in ques- 
tion, however, did not treat specially, as it is now propoj^ed to 
do, with the plant and machinery' of engineering workshops, which 
are not by any means under the same conditions as the rolling 
stock of a railway, or the generating plant of an electrical power 
station, if only because the quality of the product in the one case 
depends upon the condition of the plant, whereas it does not in 
the other. 

It is beyond dispute that the efficiency of a manufacturing 
establishment depends upon the quality and conduion of the plant 
and machinery therein, and that any neglect to maintain this 
equipment in the highest working condition promptly results in 
a falling off in both quality and quantity of output. The first 
question, therefore, to be considered is :— What is the best system 
to be adopted for maintaining the whole factory equipment in 
proper repair, and for discarding obsolete or worn-out machines, 
and replacing them with new machines when necessary? The 
second question is that upon which opinions differ so greatly, 
viz. : — How is the necessary financial provision for the maintenance 
and renewal to be made? Needless to say the two have to be 
considered together. 

Maintenance. — The maintenance of the plant and machmery of 
a manufacturing establishment is generally one of the duties — ^and 
not the least important one— of the works manager, and much 
depends upon his judgment in deciding upon and executing the 
necessary repairs and renewals from time to time. It is, however, 
very unusual for this official to have any concern with, or know- 
ledge of, the money value of the plant he is dealing with, and 
there would be an obvious advantage in the introduction of the 
reform previously indicated ; placing the control of the repairs and 
renewals and of the valuation in the same hands, and limiting 
the accountant's duty in this connection to the use of the valuation 
provided for him by the engineer for the purpose of his profit and 
loss account and balance sheet. 

The following system is suggested for adoption with the object 
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of ensuring proper attention to upkeep of machinery and planl» 
which in a manufacturing establishment will consist of boilers, 
producers, furnaces, steam or gas-engines, electric generators, 
tiansmission (pipes, cables, shafting, etc.), possibly hydraulic and 
air-compressing and other machinery, together with cranes and 
similar gear, all only indirectly productive; with machine cools, 
steam-hammers and similar machines which are directly produc- 
ti\e. The quality of the output is absolutely dependent on the 
quality and condition of the latter; the quantity and the cost, on 
iht whole equipment, fk^sidcs the above, there are ** loose tools," 
whith are, in modern establishments, controlled by the '* tool 
room " and may be left out of the present consideration. 

Under the suggested system the control of everything would be 
vested in the workh manager, or, in the case of large works, in a 
special official. Ilie limit of his powers, as regards incurring 
expenditure, would be defined by the general manager, directors 
or partners accordinp^ to circumstances; he would be responsible 
for the upkeep of the whole of the machinery and plant, and it 
would be his duty to report his requirements when he found them 
to exceed his financial limit ; out it is essential that he should have 
considerable latitude in incurring expenditure on rejKiirs, because 
obviously lime is of the utmost importance in most cases, and he 
ought not to be bound by too much red tape ; in machiner> repairs 
** a stitch in time '* often saves many times nine. There is no 
iloubt whatever that if the right man be appointed there will be 
no difficulty on this point. 

His first step must be to prepare a proper schedule of the plant 
and machinery- in his charge, entering each item in the machmery 
stock book, with its distinguishing number. Against each item 
there should be entered its present value, calculated according to 
its age, in the manner to be explained later. Also a figure repre- 
hcnting its probable life in years; this second figure will be re- 
quired when provision for depreciation comes under consideration. 
(See Appendix I., showing the Mstem of posting the machiner>' 
stock bcK)k for new works. The methmi of determining the depre- 
ciation class will be explained later.) 

Probable life must always be a matter of opinion, but the 
development of mechanical engineering is now so rapid that it 
would certainly be unsafe to anticipate for the machinery of to-day 
the life of that of fifty years ago. For example, machine tools fifty 
years old may be very interesting and still capable of doing work, 
but their use is not conducive to commercial success, and it will not 
do to look forward to following the practice of previous generations 
in keeping old machinery at work. 

The importance of properly estimating probable life will be 
apparent when depreciation is considered, and it is in this that the 
engineering skill and experience of the works manager or the 
special plait engineer will have ihetr opportunity. The matter 
seems to have had no consideration whatever in the jwist ; but a 
short time will sufllce to produce plenty of men with the experience 
necessary to form a sound judgment on the probable life of any 
machine, that is, on the chances of its becoming obsolete by the 
arrival of new methods of working, and also of its wearing out 
in use. 

The next step must be to make provision for proper care of the 
various machines, and for re'pairs being executed when required 
without delay. To ensure this, each attendant or workman in 
charge of a machine or group of machines, being the actual 
attendant or operator, and not a foreman, would be made, in the 
first instance, responsible for its being maintained in the highest 
possible condition, the fireman for his boilers, the turner for his 
lathe, and so on. It would be his duty to re'port immediately to 
his shop foreman any defect becoming apparent, and to enter 
on a card the description and number of machine, nature of defect, 
date, and his (the attendant's) name. 

The foreman's duty would then be to inspect the machine, and. 
if in his opinion the repairs are necessary, to initial the card, and 
submit it to the works manager for final authority, the works 
manager initialling and dating the card and assigning a Works 
Order No. to the job. The repairs would then be executed at 
once, and on their completion the machine would be inspected and 
passed by the works manager, and their execution certified (with 
date) on the card ; to which would be also added the cost incurred. 
1 his system would ensure proper care by the attendants of every 
machine, and would prevent ill-usage, which used to be one of 
the workshop troubles, though in this respect the modern workman 
is a great improvement on his predecessors, and the care of 
machines— especially machine tools — now leaves very little to be 
desired* It would also afford the works manager the opportunity 
of de'ciding when the time has come to replace instead of reii;uring 
- and it will be remembered that this official would have before 
him the •' slock book " valuation of the nuichine under ctinsidera- 
tion, and therefore would know how far the cost of renev^'al 
had been provided for. He would see the whole situation at a 
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glance, and decide whether to replace, thoroughly repair, or par- 
tially repair. 

In addition to the workman's or attendant's daily watching of 
each machine, periodical inspection should be made by the works 
manager as a check upon workman and foreman, and each such 
inspection lecorded. 

A suitable form for the card is given in Appendix III. 

In the first space, the workman or attendant reports the defect 
noticed by him. In the second space, the foreman and the works 
manager record their inspection, and the latter his authority for 
the repair. The works manager, having assigned a Works Order 
No. for the repairs, can through that order authorise any further 
repairs necessary to the machine; there will generally be other 
defects to reme<ly, besides that originally rei>orted by the attendant. 
In the third space, details are given of all the repairs when finished, 
this being signed by the foreman responsible for the repairs, who 
may, or may not, be the same as the foreman of the shop to which 
the machine belongs. In the fourth space, the works manager 
records his authority for the machine to be set to work again, and 
the foreman gives the date of re-starting. Finally, the cost is 
added in the fifth space, and the record is complete. 

Dcl>reciatifw.~\i is sometimes argued that if machinery be 
maintaineil as indicated above, it does not depreciate, and that, so 
long as its output does not fall off in quality or quantity, it is as 
valuable to its owner when ten or twenty years old as when new. 
This, however, is absolutely incorrect, for although a machine 
could of course be kept ** alive '* for ever, by renewing its parts 
one by one as they wear out, supposing that it never grew obso- 
lete, its value at any given time would depend upon the state 
of deterioration of its various parts at that time, because since 
each part has a ** life," the effluxion of life of that part is pro- 
ct.»eding from day to day. But machines do grow obsolete, and 
are not renewed in this way ; and the depreciation now to be con- 
sidered provides for that effluxion of life of each machine as 
a whole which actually takes place, the amount depending upon 
the time which a machine can be profitably used for the purpose 
of producing the output required by the works in which it is 
installed— this being its ** life.** 

It is therefore absolutely necessary to make provision for a fund 
by means of which the various items of a workshop equipment can 
be renewed from time to time— which provision obviously has to 
be made without any reference to the profits or losses of trade. It 
must be made as part of the working expenses of the business, 
and in this respect the author protests against the system frequently 
adopted by accountants of showing a so-called ** profit *' out of 
which so much is set aside for depreciation, the amount apparently 
being at the discretion of the directors or the accountants, and fre- 
quently depending upon the amount of the so-called ** profit.** It 
is clearly wrong to make the provision for depreciation a charge 
on profits, for depreciation is really a loss of the capital assets, 
which has to be made good out of income, and is just as much a 
charge on revenue as rent or taxes ; there is no escape from its 
incidence, and there is no profit until adequate provision for depre- 
ciation has been made. That the provision should be adequate 
goes wMthout saying; the amount must be determined without 
reference to the result of trading, but must be an absolute charge, 
so that the depreciation may be truly representative of the loss of 
value of the machinery, which occurs whether trading is profitable 
or not. 

When therefore a machine is new, the probable life having been 
estimated, the depreciation on that machine can be determined, 
the sum of the loss during life being the new value less the scrap, 
or ultimate value. This has to be written off during the life in 
gradually decreasing increments by fixing a percentage to write 
ofl each year from the last year's value, this percentage being 
such that at the end of the life the depreciated value shall equal 
the scrap value. 

It must be noted that the ultimate values of machines expressed 
in percentages of their new value var>- considerably, because an 
expensive special light tool will probably have a lower scrap value 
than a much less expensive heavy tool, such as an ordinarv- planing 
machine or a heavy lathe. 

It is clearly impossible to foresee cither probable life or ultimate 
value with absolute accuracy, and it would be a refinement of 
dttail to treat each machine on a basis of its own, even if it were 
possible; but having estimated the probable life and ultimate value 
individually, each machine may. for depreciation purposes, be 
assigned to one or other of the classes indicated bv the curves on 
h^. I. the class selected being that giving the nearest resultant 
scrap value at the end of the probable life. 

Such a provision as the above is sufficient to cover loss due to 
deterioration bvynnd that made good bv repairs; because in esti- 
mating probable life, the chance that a machine mav wear out 
before It becomes obsolete is taken into consideration/ 



It must, hov/ever, be borne in mind that special conditions 
apply, in the case of leasehold premises, to certain machinery 
which passes with the hereditament ; and when the period of lease 
is shorter than the probable life of any such machiner}-, it becomes 
necessary to apply a rate of depreciation which will entirely ex- 
tinguish the valuation at the expiry of the lease, not even scrap 
value remaining. In such a case, it is simplest to write off an 
equal instalment each year, dividing the present value by the 
number of unexpired years of the lease. 

The amount of depreciation on each item being determined, the 
total on the whole plant must be charged against the income 
of every year, if the balance-sheet is to show truly the value of the 
plant, and consequently the actual profit or loss of trading. 

The author believes that it is essential to schedule every item, 
and to write off the depreciation separately, so that the Stock Book 
may show the actual present value of every machine. It may 
prove, in the course of a machine's career, that for some unex- 
pected reason it is found that its life is likely to fall short of, or 
to exceed, the estimate to some considerable extenf. In such a 
case there is no reason why it should not be considered on its 
merits, and the rate of depreciation increased or reduced from the 
time when its unexpected weakness or vitality became apparent. 
This would provide against the absurdity of a useful machine 
standing in the Slock Book at scrap value — but any changes in 
depreciation should only be made with authority ; accurate judg- 
ment in estimating probable life will prevent such cases occurring. 
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When a machine Is replaced it disappears from the Stock Book, 
and its successor takes its place at its new value, being paid for 
out of the accumulated funds. Thus the valuation would be un- 
changed in the event of new machines replacing old ones to the 
e.xact extent of the total sum set aside for depreciation in any year. 

There is still a provision to be made for the cost of repairs, 
which is usually met out of income, as it is incurred each year. 
This is perfectly sound in works which have been established for 
some time, but in the case of new works equipped with entirely 
new plant— as the repairs for the first year will be practically nil, 
and for the next few years very slight, whereas they will fall 
heavily on some later years— it is wise to set aside a sum during 
each of the early years to provide for this. After a few years, the 
requirements for repairs equalise themselves, owing to the varying 
rates at which the different items require expenditure. 

Increase in the productive power of works due to the installation 
of additional machinery warrants a charge upon capital, and such 
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APPENDIX I. 
The Engineering Co., Ltd. 

MACHINERY STOCK BOOK. 

Date: ^isi December, 1897. 



^ 



DesoripUoD. 



Machine Shop A. 

18-inch Sliding, Surfacing and Screw-cuUing 
Gap Lathe, with 24-foot Bed, Driving 
Apparatus, etc., complete. (By A. B. & 
Co. New ; probable life 30 years) . 

4 feet 6 inches square by 15 feet long Planing 
Machine. 2 Tool-boxes on Cross Slide, 
Driving Apparatus, etc., complete. (By 
C. D. & Co. New; probable life 30 years') 

Special horizontal Milling Machine for light 
work, Vice, Set of Mandrills and Driving 
Apparatus, etc.. complete. (By E. F. & 
Co. New ; probable life 20 years) . 

10-inch Stroke Slotting Machine, with Driving 
Apparatus, eic, complete. (By G. H. \ 
Co., second-hand from X V & Co.'s Sale. 
Was new (jfioo) in 1885 ; probable life 25 
years) 



Depreoi- 
aUod. 



2(7%) 



2(7i%) 



Present 
Value. 



400 



500 



5(>5%»| >03 



3(10%); 28 



APPENDIX II. 
T'hc Engineering Co., Ltd. 

MACHINERY STOCK BOOK. 

Date: 315^ December, 1907. 



^1 



Description. 



Machine Shop A. 

18-inch Sliding, Surfacing and Screw-cutting 
Gap Lathe, with 24-foot Bed, Driving 
Apparatus, etc., complete. (By A. B. & 
Co. New in 1897) 

4 feet 6 inches square by 15 feet long Planing 
Machine, 2 Tool-boxes on Cross Slide, 
Driving Apparatus, etc., complete. (By 
C. D. & Co. New in 1897) , 

Two Tool-boxes on Uprights added in 
1905, then cost /J^o 

Special horizontal Milling Machine for light 
work. Vice, Set of Mandrills and Driving 
Apparatus, etc., complete. (By E. F. & 
Co. New in 1897) 

lo-inch Stroke Slotting Machine, with Driving 
Apparatus, etc., complete. (By G. H. & 
Co. New in 1885) 



APPENDIX III. 
The Engineering Co.. Ltd. 

REPORT ON DEFKCTIVK MACHINE. 



Dcpreci- 
atioD 
Cla». 


Prenei 
Valu 
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2 OKU 


.84 


2 (7»%) 


230 


4('2v%) 


38 


5('5:0 


30 


3(10%) 
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Department 

Machine No Description., 

Defect noticed 

Attendant's name No 



Date., 



Repair recommended Foreman. 

I)ate 

approved ^ Works Manager. 

Date 

Works Order No Date 

Report of Repairs completed. 
Particulats. 



Date., 



Foreman responsible for Repairs. 



Passed for Work Works Manage 

Date 

Re-started Fcreman. 

Date 

Cost of Repairs. 



Remarks. 



niachines appear in the Stock Hook as additions to plant, although 
no additional capital may have been raised to pay for them. 

If additions to individual machines increase their productive 
capacity, the cost of such additions may fairly be addt^ tu their 
Stock Iit>ok value, but they must then Ik* depreciated at such a 
rate that the additions are written off by the end of the life of the 
machine. 

Appendi.x II. may now be compared with I. It shows the same 
plant ten years later, the items havinjj been dealt with in the 
manner previously indicated. It will be noticed that the planinj; 
machine has had an addition to its productive capacity ; also that 
the slotting machine, which was second-hand when the works 
started ten years before, is now at a figure which permits of its 
replacement by a more modern machine. 

The results of unsound finance in dealing with depreciation arc 
so serious that it may surely be said that every establishment ought 
ta be put on a sound basis, the actual present value of the machinery 
and plant determined, and systematic provision made for deprecia- 
tion, so that when renewals become necessary, their cost is provided 
for. It is often stated that when a business is working at a loss, 
there can be no provision for depreciation, which in a sense i* 
true ; but depreciation is going on all the same, and the accounts 
ought to show the loss fairly and squarely— that is, the depreciation 
sum should be written off, whatever the results of trade. If a 
recovery takes place, the position is sound ; if not, continued losses 
mean the end of the business, and the valuation of the plant 
at its right figure will not affect this. 

The danger of under-provision for depreciation, and especially 
of allowing the amount to depend upon the results of any year's 
trading, is that in lean years what ought to be set aside for 
depreciation may be entirely or partially distributed in dividends, 
which is nothing more or less than paying dividends out of capital. 
This may be done in the expectation of better times to come, when 
the depreciation deficiency may be made up; but it is quite un- 
sound, and in many cases has brought about the results which 
might have been ex|K'cted. Even now, there are too many works 
equipped with machinery which is so out of date as to be a serious 
handicap in manufacturing, but which cannot be thrown away and 
replaced because past years have not provided the means to meet 
the expense. To raise fresh capital for this purpose, even if 
feasible, is absolutely unsound finance, for the new machinery has 
to produce sufficient to provide interest on the lost capital as well 
as on the new. 

In fact, over-valued machinery is one of the most dangerous 
enemies to financial safety ; it would be far better to distribute less 
and set aside more for depreciation, than to live in a ** fooPs para- 
dise," and awake to find that the time has come when machinery 
must be modernised to meet competition, and that the funds to do 
this are non-existent. 

As a matter of accountancy, in order that the balance-sheet may 
show the true \alue of the plant, this should be entered at its 
depreciated value; the depreciation should not be treated as a 
separate or ** Reserve *' fund, though if this separate fund be 
sulTicient, the financial position is quite sound. The essential thing 
is that it should be sufficient, and that it should be provided for 
before the word ** profit '* is as inuch as thought of. This means 
that the statement or valuation must show the real value of the 
plant and machinery- However fascinating mechanical engineer- 
ing may be, the aim of all manufacturers is to work at a profit, 
and no true profit is shown if the valuation of the plant is incorrect. 

Depreciation as a charge against revenue is admitted in prin- 
ciple by the Income Tax authorities, and in rating valuations the 
rateable machinery and plant are assessed at their depreciated 
value. This, however, is a somewhat thorny question, and al- 
though the author feels that it should not pass un mentioned, it 
is perhaps hardly one for consideration in connection with the 
present subject, which is that of workshop practice as affecting 
the effective maintenance and the true valuation of machinery and 
plant. __^_«^_— _ 

Recent Patents Relating to Railways. 

These abridgments of recently published specifications arc 
specially compiled for this review by Messrs. Whcatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of specifications can be obtained 
at an uniform price of Sd. each. 

Fog Signalling Apparatus. 7,0 rj. gth April, igof<. 
]. Parker, 27, Af^new Road, Honor Oak Park, London, S.E, 
This invention is an improvement connected with a Prior Patent 
No. 18584^, which relates to apparatus for use with detonators 
of the pencil type. The carrier c has its cut-away portion c^ 
located at its rear end, to take the cartridge or detonator at the 
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end of the outward stroke, instead of as in the prior patent at its 
front end, so that the carrier whilst working to and fro in the tube 
h is always under cover, the detonators carried by the carrier 
being ejected in the manner set forth in the prior patent. To effect 
the rrciprocating niovenaent of the carrier the same is connected by 
an arm ir- with a rod c^ passing through the standards a^ and 
terminating in an eye or the like c^, to which is connected the rod 
or the like c^ operable by the fogman or from the signal box. On 
the detonator a being exploded the carrier c is drawn back so that 
the last detonator d* fed therein engages with the end of the ejector 
rod b* in the tube 6*, the carrier c continuing its movement till 
arm c^ butts against the standard a^, such rearward movement 
expre^ising the spent detonator. In order that an indication of 










?^9=7 




T7^ 



H/nhmy Dffinmr ^91^^ 



the state of the magazine may be given, the bottom plate a* of 
the magazine a is cut away at a^ so that the roller or follower a^ 
drops through on the requisite detonators being used, the roller 
a* falling on to the inclined guides a*, rolling down same till 
stopped by the intercepting pivot pawl a^ the roller a^ covering 
the hole d^^ in the rear standard and resting so that the rod c*, 
carried by the arm c*-', which in the ordinary working passes 
through the hole a^o butts against the end of the roller a^, pressing 
the same against the boss al^ thereby preventing any further back- 
ward tnovement of the carrier and its attendant parts. To release 
th«» roller a^ the intercepting pawl a' is raised by depressing its 
end u'2 so that the roller may pass underneath the pawl, as shown 
in dot and dash lines, and out through the opening 0^3 in (ho side 
plate r*, allowing the carrier and its roti c^ to continue their move- 
ment. {Accepted Mh June, u)C)S.) 

Buffers. 4/5. ylli January, kjoS, A, Spencer, 77, 
Cumuni St reel, London. 

This invention relates to buffers in which two springs or sets of 
springs are providcHi, one to effect the initial buffing and the 
other to effect the remaining and most severe portion of the 
bufHng. The main buffer spring is constructed of sets of con- 
centric tndiarubber rings m with separating rings w, and is 
threaded on the rod e between the buffer head g and the ffange o 
of an abutment collar p that slides on the rod e and the inner 
end L»f which bears against the metal plate d. The supplementary 
buffer spring is constructed of sets of concentric indiarubber 
rings (/ with separating ring.-* r like the main spring m, w, but 
a fewer numl>er of sets of concentric rings and separating rings 
are iisci\. It is arranged between the closing plate d of the case 
or guide and a metal ring 5 which is threadcnl on the collar p 
between the supplementary spring and the ffange n of the collar, 
and has an inclined marginal nuter face which normally bears 
upon a corres-pondingly inclined support or shoulder a- formed 
in the buffer case or guide which is enlarged to receive the said 
ring and supplementary spring. The latter spring is or may, 
as shown, be of greater diameter than the main spring. The 
arrangement is such that when butling the buffer rod is forced 



inwardly and the initial buffing effected by the main buffer spring 
m, ri, after which continued inward movement of the buffer rod 
will cause the inner end of the sleeve / to abut against the ring s 
so that the remaining and most severe portion of the buffing 
action will be effected mainly by the supplementary spnng q~r, 
the full compression stroke of the combined springs being such 
as to prevent shock due to contact between the buffer head g 
and the case or guide a. Fig. 2 is a similar view to fig. i, 
illustrating an arrangement in which the main spring m, n is 
located between the flange of the collar p and a metal ring t 
that abuts against a shoulder u on the buffer rod e. In this 
construction the sleeve / is formed in one with the metal ring 5 
of the supplementary spring 9— r, although it may in some cases 
be formed in one with or connected to the metal nng f, or consist 
of a loose sleeve located between the two rings, or between the 
ring s and the buffer head in an arrangement such as shown in 
fig. I. (Accepted 2yd July, 190S.) 

Interlocking. 19 '493- 3^^^^ August, igoy, Siemens 
Bros, and Co., Ltd., 12, Queen Anne's Gate, Westminster, 
and L. D. M. G. Ferreira, 102, Elmbourne Road, Uppei 
Tooting, Surrey. 

This invention relates to interlocking arrangements for signal and 
point levers which are controlled from a central station. At the 
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central station, such as the stationmaster*s cabin, there is a 
number of tappets a a} each controlled by an electro-magnetic 
lock h h^, and carrying a switch arm c c^ adapted to complete a 
circuit at contacts d d^ when the tappet is drawn in the direction 
of the arrow. Assuming that tappet a is operated, this circuit is 
from battery e through magnet 6, switch c, magnet f of the 
lock controlling the tappet g of the signal lever h, which, for 
instance, operates the home signal for up-trains entering the 
station, switch i on this tappet g and lines k and / back to 
battery e. Magnets b and / are now energised, with the results 
(i) that the locking bolt of the former is prevented from falling 
into notch a* on tappet a, should the stationmaster find it neces- 
sary immediately to rescind his decision and to move the tappet 
back to its normal position, and (2) that the locking bolt of 
magnet / is lifted from notch g^ on tappet g and the signalman 
can pull the lever h in the direction of the arrow to put the signal 
to line clear. This movement breaks the circuit at switch 1 and 
magnets h and / are de-energised, the bolt of the former falling 
into notch a^ and thus locking the tappet a, while the bolt of the 
magnet / rests upon tappet g. When the signalman returns 
lever h to put the signal to danger position both magnet<j are 
again energised and the stationmaster can return tappet a to 
its normal position, thereby again de-energising the magnets and 
locking the signal lever. In some cases it is desirable to control 
levers in a second cabin from both the stationmaster*s cabin and 
the first cabin in the following manner : — Tlie tappet a* controls 
the lever h^ in No. i cabin which in its turn controls the lever h^ 
in No. 2 cabin. When a^ is moved in the direction of the arrow 
and switch c^ is closed, the circuit is from battery e through 
magnet 6^, magnet /i, switch i*, and lines k I back to the battery. 
The locking bolt of magnet b^ is now held up and that of magnet 
/^ is lifted from notch g^ in tappet g^t so that lever h can be 
pulled. As soon as it has been pulled, the circuit including 
magnet b^ /^ is broken and tappet a^ is locked. When lever h^ is 
fully reversed, switch i^ closes a circuit at contacts tn from 
battery ii, through magnet o, switch fi, contact in, switch 1^, 
magnet p and line k back to the battery n. The bolt of magnet o 
is thus held up, so that the lever can be immediately returned 
if required and the bolt oT magnet P is lifted from notch g^ of 
tappet g^ to unlock lever h^ which can thereupon be moved to 
lower the signal to the ** line clear *' position. This movement 
breaks the circuit at switch fl and the bolt of magnet o falls into 
notch g^ of tappet g^ to back lock the lever h^ until lever h^ has 
been returned to normal position. There may be any reasonable 
number of tappets a a^ controlling as many different signal and 
points levers, and these may be mechanically interlocked in any 
known manner, so that a* cannot be moved unless a is in normal 
position and vice versa. The apparatus shown in figs. 2 to 4 
is intended for use with the interlocking arrangement, and in- 
cludes a locking device for an .\nnett\s key which is frequently 
used for locking siding points or the like in working a single 
track. (Accepted 30//1 July, 1908.) 

Switch Mechanism. 1,297. 20th January, igo8, 
H. A, Thomson, Dunalastair, Cragie, Perth, 
The cam 3 engages through the medium of a conical roller 5 
with a pull and push bar 4 which is fitted to slide in a groove 
formed in the casing i. One end of the bar 4 is attached to 
the pull rod of the points. Two springs 6, 7 are inserted one 
at each end of the worm. On operating the lever handle 9 to 
produce slidinir motion of the hnr a. fhp 
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circular motion of the cylinder laps the oil up its sloped ends 10 
on and along the s|>indle 2 to the springs 6 and 7. (Accepted 
gth July, 190X.) 

Vacuum Brake Apparatus. 2J,/J5. 19th Oct., 
igoy, H, E, Gresham and G. Kiernan, Craven Iron 

Works, Sal ford, Lancaster. 

This invention is intended to prevent leakage of air, when the 
brakes are in operation, into the vacuum in the brake cylinders 
on the upper side of the pistons working in the cylinders. To 
the lower end of the brake cylinder a is connected the valve 
casing b which is adapted to communicate with the train pipe c 
and with the upper and lower ends of the cylinder a. The valve 
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casing is fitted with a diaphragm or other valve as d and a ball 
valve e, each of the valves controlling a pipe or conduit f and g 
respectively forming parts of communicating passages between 
the interior of the valve casing and the upper end of the brake 
cylinder. A seating is provided for the ball valve e in the casing 
itself, and independently of the diaphragm or equivalent valve. 
By preference the seating comprises a nipple like part h adapted 
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to be screwed in position through an insertion and inspection 
aperture in the casing, the aperture being closed by a screw 
plug I. To prevent loss or derangement of the ball valve e on 
the" opening of the closure piece i, a gauze like or other cage ; 
is provided for containing the ball, a positioning or retaining recess 
being formed in the underside of the closure piece i for the 
reception of one end of the cage. The ball valve e serves as a 
non-return valve for the upper end of the brake cylinder a only 
when the brakes are inoperative or in the '* off *' position. The 
piston k within the brake cylinder a is of the usual trunk type 
now employed. Around the' flange is cut an annular groove 9, 
and in alignment therewith when the piston is in its inoperative 
position shown a lateral aperture or group of apertures r are 
formed in the brake cylinder, and communicate by a vertical air 
way or passage 5 with the conduit g in the valve casing. When 
air* is admitted to the underside of the piston k in the usual 
manner for the operation of the brakes, the movement of the 
piston will carry its packing ring o above the lateral apertures r, 
and will thus, by allowing air to flow from the underside of the 
piston to the external conduit s with which such apertures r 
communicate, put both sides of the ball valve e under the influ- 
ence of the atmosphere within the pipe f, and so render the said 
valve e inoperative. But the fact of the packing ring o being 
above the lateral apertures r will also cut off communication 
between the upper end of the cylinder a and the lateral apertures 
r opening into the external air conduit 5, and thus leakage of 
air into the vacuum above the piston fe will be prevented and 
the brakes maintained in the ** on *' or operative position. To 
permit of ready access to the vertical air conduit 5 and the lateral 
apertures r aforesaid, a detachable plug or cap \ is fitted at the 
upper end of the conduit 5, and so that on removal of the plug 
both the conduit and the lateral apertures r are exposed to view. 
For releasing the brakes after an application of the same, in the 
ordinary manner, the vacuum is restored at the lower side of the 
brake cylinder a- But when it is desired to release the brakes 
of a coach or carriage detached from an engine the diaphragm 
valve d is moved from its seat by means of the arm u to allow 
of communication between the pipe c and the top of the brake 
cvlinder through the pipe or conduit / and aperture v which the 
diaphragm valve controls. {Accepted ittd July, 1908.) 

Stanchions for Timber or similar Trucks. 17^44* 
30th, July, igoy. W, R. Preston, of ]. Stone and Co., Ltd,, 
Deptford, Kent, and R. G, Peckitt, ThorntonAe-Moor, York- 
shire. 

The stanchions a are hinged at h to the underframe c and a 
bracket d connected to the frame, so that one flange of the 
stanchion is held in between the underframe and the bracket, 
or the stanchion may be pivoted to the low permanent sides e 
if the truck is provided with these latter and in such a manner 
as to lie in what may be called a ** fore and aft '* direction when 
folded down and either entirely horizontally or at a greater or 
lesser inclination to the horizontal and they are provided with 
any suitable means for* retaining them in their vertical or raised 
positions such as by pins / attached by chains, g to the extended 
part d^ of the bracket or clip d or elsewhere to prevent their 
being lost. The pins / are adapted to pass through holes in 
perforated lugs h and 1, the lug h being fixed to the stanchion a, 
while the lug t is fixed to extended part d^ of the bracket or clip 
d. According to another construction and as shown in Figures 
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5, 6 and 7, the stanchions a are made so as to hinge and at the 
same time are permitted to have a certain amount of motion in 
the vertical direction to |>ermit of locking and unlocking. In 
this case the stanchion a is provided with a vertical slot o and a 
s-tud p is fixed in the underframe or side c of the vehicle and the 
short bracket q on which stud the stanchion is adapted to slide 
and hinge .V stud r carried by the stanchion takes into a recess 
s in the top of the side of the waggon, so that when the stanchion 
is raised the stud r clears the slot s at the side of the waggon 
and the stanchion a may then be partially rotated until it is in 
such a position as to be more or less out of the way or flush 
with the side of the waggon or below it. {Accepted ^oth ]ul\, 
1907.) 

Combined Semaphores and Line Indicators. 

79,492. 30th August, igoy. Siemens Brothers and Co., 
Ltd., 12, Queen Anne's Gate, Westminster, S.W., and L. 
D. M. G. Ferreira, 102, Elmhournc Road, Upper Tooting, 
Surrey, 

This invention has reference to methods of indicating to an 
engine-driver which of two or more roads is clear when the 
semaphore is at ** line clear,*' such indication being given by 
one of a number of boards contained in a casing h and raised by 
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a frame a. According to this invention, an improved electro 
magnetically operated device is provided for selecting the indi- 
cating board which is to be raised. Each board has at the top 
a hook e, and adapted to engage with this hook is a hook 9 
mounted to turn on a pin / extending between the top bars of 
the frame a and projecting through one of these. On a bracket 
h in the casing are mounted electro magnets 1 corresponding in 
number with the boards, and by the side of each magnet is fixed 
to the bracket an upright k forked at the top to receive the 
fulcrum / of an L shaped armature m. In its normal position 
this armature is tilted away from the magnet core by a spring n 
fixed at one end to a bar o and engaging at the other end in a 
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perforation in the armature. Pivoted to the top bar of the frame 
a is a pawl p having a lug p^ which rests on the top of the said 
longer prong. The tail /k of this pawl is connected by a spring 
y with the corresponding hook ^, so that normally the latter 
abuts against the end of the pawl. In this position of the ho<^ 
g it is out of registtr with the corresponding hook e so that if 
the frame were raised the board owning the particular hook e 
would not be lifted. When the signalman energises a magnet, 
the armature m is attracted into the position shown on the left 
hand of fig. 5, in moving into this position the armature comes 
against a lug q on the hook g, thus moving the latter into 
register with the corresponding hook e. The frame now ascends 
and the tension of spring y urges pawl p downwards as it recedes 
from the prong of the fronk on which it rested, until it engages 
in the spur r of the hook g. At the same time the hook g which 
has been kept by the armature in register with hook e, engages 
the latter and the board begins to rise. When the hook g is 
free of the armature it is kept engaged with hook e until the 
frame has descended again, as a result of putting the semaphore 
to danger, whereupon the pawl p is raised by the prong of the 
fork and the electro magnet having by this time been de-energised 
the armature is tilted back again by spring n and the hook g 
returns to its normal position. (Accepted ^oth July, 1908.) 

COMPLETE SPECIFICATIONS ACCEPTED 

A.D. 1907. 

6607. Device for reducing the journal friction of locomotivrs and 
other rolling stock or other wheeled vehicles. Richards. 

12008. Railway signalling apparatus. Saunders, Davis &* GrifHlhs. 

13206. Controlling system for electrical circuits, Arthur. 

14618. Buffers for railway cars. Pfingstmann. 

15336. Latches of railway carriage doors. Preston and Pettigrew. 

15675. .\utoniatic railway coupling. Petersen. 

*5736- Means of locking and unlocking railway carriage and other 
doors simultaneously. Wilson. 

15856. Automatically-acting safety devices for railway carriage doors. 
Veit and Kindler. 

15877. Steel railway sleepers. Sleigh. 

15939. Couplings for railway and like vehicles. Dietrich. 

16233. Permanent way. Todd, Wade and Jones. 

I^47l. Water coolers for use with condensing locomotive steam 
engines. Crighton. 

16980. Blast pipes of loocmotives. Preston and Worsdcll. 

17444. Railway and other trucks or veRides for the transport ot 
timber and similar goods. Preston and Peckilt. 

17573. Brakes for railway waggons and other vehicles. Schumacher 
and Schumacher. 

17871. Automatic locking device for railway carriages and other 
vehicles. Braithwaite, Nicholson, Haynes and Murray. 

18 130. Brake apparatus for vehicles, such as railway waggons and 
the like. Hill and Mein. 

18285. Means for supporting railway vehicles and applying the brakes 
in cases of derailment or the like. Gehricke and BoUmann. 

18661. Brake for tramcars and other vehicles. Gilfillam. 

19472. Automatic locks or latches for railway carriage doors and 
other purposes. Tittenon. 

19492. Combined semaphores and indicators for railway signalling. 
Siemens Bros, and Co. and Ferreira. 

19493. Interlocking signal and points levers on railways. Siemens 
Bros, and Co. and Ferreira. 

20859. Automatic signalling between trains. Beutel. 

22013. Automatic couplings for railway wagons. V^an Duijn. 

22572. Sanding gear for trarpway or railway vehicles, Cummins. 

23 '35* Vacuum brake apparatus for railway and like vehicles. 
Gresham and Kiernan. 

23177. Railway and road carriage and other sliding windows. Clarke. 

23567. Safety apparatus for railway vehicles. Ochschim. 

24666. Couplings for railway vehicles. Marillier. 

24780. Hose-pipe couplings for railway or like brakes. Windolff. 

25086. Means for operating signals on engines on railways and the 
like. Downs. 

25895. Fog-signalling apparatus for railways. Clayton. 

26038. Railway rail joints. Williams. 

27750. Apparatus for actuating signals on engines on railways and 
the like. Stratton. 

27891. Electrically signalling or communicating messages or signals 
to vehicles running on rails. Barnett. 

27989. Electric railway installations. Woltmann. 

28702. Apparatus for railway signalling and for stopping trains inde- 
pendently of drivers. Kuske. 

28735. Construction of apparatus for preventing accidents to railway 
trains. De Bouimistrow. 

A.D. 1908. 

415. Buffers for railways and like vehicles. Spencer. 

1297. Switch mechanism for railway points. Thomson. 

1913. Train controlling mechanism for automatically applying the 
brake. Thompson. 

2354. Railway rail joints. Bonner and Bonner. 

2532. Stopping of trains on railways. Kuhne. 

3418. Brakes for tramway vehicles. Wilkinson. 

4336. Air-brakes for railway trains. Powers. 



6411. Lubricators for locomotive and other steam engine cylinders. 
Willans. 

6448. Railway rail joints. Rodriguez. 

6464. Automatic couplings for railway cars. Bergtund and Linden- 
crona. 

6745. Railway buffer stops. Hopson. 

7373. Railway rail joints. Wolhaupter. 

7586. EIectricall\-opeiated signals for railroads. Jones. 

7792. Sand distributing apparatus for tramcars, railway trains, mo'or 
vehicles, and the like. Sexton and Sexton. 

8858. Railway goods waggons. Fried, Krupp Akt-Ges. 

9290. Railway frogs or crossings. Justice. 

1 1954. Apparatus for delivering mail bags from railway trains. Saal 
and Shafer. 

12087. Apparatus for adjusting railway vehicle and like brakes. 
Chav^riat. 



Official Reports on Recent Accidents. 

High Street, Glasgow, Corporation Tramwayn, On ^d /cutuary. 
CoL H, A. Yorke reports Ma/:— 

Car No. 986 got out of control on the hill called Bell of the Brae, 
bttwten Rottep Row (or Drygate) and St. George St. (or Duke St.), 
and ran about i,noo yards, until it came to rest in the SaUmarket 
near the corner of Steele St., where the gradient is almost flat. 

.After passing Duke St. the car collided with 8 lorries in succession, 
two persons were killed and 10 injured, some seriously. The leading 
end of the tramcar was demolished, the controller being wrenched from 
its |)osition and thrown backwards against the door of the car. The 
lorries were more or less damaged, one horse was killed and others 
injured. 

'I he car was a four-wheeled double-deck car without top cover; it 
was fitted with the magnetic track brake, hand brake, trigger life- 
guard, and one sander at each end. 

1 he only place where the gradients are at all severe is on Bell of the 
Brae Hill, where there are short lengths of 1 in 16, i in 18, and i in 
20. The speed down this hill is limited by the Board of Trade rtrgula- 
ticns to 8 miles an hour, and there are compulsory stops at the corner 
of Rotten Row (or Drygate), and at the corner of Duke Street, these 
being fixed in order to ensure as far as possible that the speed of cars 
shall be moderate. About 200 yards above Rotten Row, viz., at the 
upper corner of Cathedral Square, there is another stopping place ; the 
termination of a id. stage, and where there is a Bundy Time Recorder 
for recording the time at which a car arrives. This is done by the 
motorman inserting a key, with the number of the car upon it, into the 
lock of the apparatus; he then turns the key, which causes a bell to 
ring and the number of the car and the time to be automatically marked 
on the tape by mechanism inside. When the motorman leaves his car 
for this purpose he is instructed to remove the reversing handle from 
the controller. As this handle can only be taken oflT when it is in the 
neutral position, and the controller handle in the '* oflf " position, its 
removal ensures that the electric current is cut off from the car, and 
that the latter cannot be moved until the driver returns to his place. 

As the motorman James Dolan was one who was killed it is diffi- 
cult to aticertain the cause of this accident. The motormen all testified 
that the car was in perfect order during the whole time they had 
charge of it earlier in the day. 

Dolan received the car at Mount Florida, and drove it from there to 
Springburn, back to Mount Florida, and again to Springburn, wiiere 
it arrived at 4.47 p.m. On reaching Springburn on the last occasioti 
Dolan left the car for a few minutes, and asked a driver named R^ 
McKenzie, who chanced to be there, to take the car across on to the 
other track ready for the return journe}'. In order to do this it was 
necessary to remove both the power handle and the reversing handle 
from the controller at the Springburn end of the car (No. i end), and put 
them on the controller at the Mount Florida (or No. 2) end. McKenzie 
found that he could not take off the reversing handle of No. x controller, 
and on Dolan 's return spoke to him about it. Dolan replied that he 
had found something wrong with it as he was pas.<iing Cathedral Street* 
on his last journey to Springburn. In order to take off the reversing 
handle it is necessary to put it in the neutral or middle position, this 
being the only position in which it is free. But on this occasion the 
reversing handle could not be moved from the forward position into the 
neu.iat position. While these men, together with conductor Child, were 
trying to get the handle off, two other men arrived on the scene, viz., 
time-keeper Falconer and inspector Muirhead. They also tried to 
release the reversing handle, and failed. They then opened the case of 
the controller in order to ascertain if possible what was w*rong, but 
were not successful. The car all this time was blocking the track, and 
inspector Muirhead in his anxiety to clear the road, decided to leave 
the reversing handle at No. i end of the car as it was, and allow the car 
to return to Mount Florida without a reversing handle at No, 2 end, 
which then became the leading end of the car Muirhead therefore gave 
Dolan instructions to this effect at the same time, telling him that the 
fact that the reversing handle was left in the forward position at No. i 
end would make no difference to the driving or braking of the car (by 
means of the electro magnetic brake) at No, a end. The controller 
handle was then taken to No. 2 end, and Muirhead having placed the 

*It WHS mibsequently found that Dolan bad uot used the Butidv Tiin« Recorder at tlif* 
plac« on thlH jotimey to SpHngbum, |»n>bably (or the reason that he could not remove hSa 
reverfttng haimle. 
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revvrsing barrel at that end in the proper position for the journey to 
Mount Florida, by means of a pair of pliers (a reversing handle not 
being availablej, himself drove the car across from the north bound track 
10 the south bound track, where as everything appeared to work satis- 
factorily, he handed it over to Dolan. Muirhead also told Falconer to 
lelephonv to the Langside depot for a fitter to be sent to meet the car 
at .Mount Florida, in order to put the reversing handle right. 

Dolan started from Springburn at 4.52 p.m., being a few mmutes 
late. AH seems to have gone well until he reached the corner of Cathe* 
dral Street, where he should have stopped and operated the Bundy 
Time Recorder. There is some doubt as to whether he slopped his car 
at xlns place ; but if he did so, it is clear that the slop was only momen- 
tary. It is certain that he did not use the time recorder, probably for 
the reason that he had no reversing handle at his end of the car, 
which, us has already been explained, should invariably be removed from 
the controller and retained by the driver when for any purpose he has 
occasion to leave his car.t From Cathedral Street to Rotten Row, 
which is the next slopping place, the distance is 200 yards, and 
again Dolan, at the corner of Duke Street, failed to stop his car. By 
this time the speed was estimated at 25 to 30 miles an hour. It was 
evident at that time that Dolan had entirely lost control of the car, 
and according to the constable's evidence he was then ** blowing his 
whistle, ringing the bell, and working the two handles " (viz., of the 
controller and the hand brake). Shortly after this the first and second 
collisions occurred, the one following immediately after the other, and 
no doubt Dolan then received his fatal injuries and subsequently fell 
into the roadway. After this the car proceeded on its journey un- 
checked, and collided with six other lorries in succession before reach- 
ing Glasgow Cross. Conductor Child realised that something had gone 
wrong, but was unaware that the motorman had been injured or that 
f>? had fallen from the car. Child seems to have been occupied in 
prt venting the passengers from jumping of! the rear end of the car, 
and owing to the inside of the car being somewhat crowded he was un- 
able to see what was taking place at the front end. He d»d not at 
that time apply his hand brake, because he did not receive the brake 
signal, viz., four rings on the electric bell, from the driver, and under 
the circumstances he was right in not applying the hand brake, as he 
n.ight have skidded the wheels and so have interfered with the action 
of the magnetic track brake in case this had been applied by the 
n-.otorman. The car should have stopped at Glasgow Cross, where the 
tramwav crosses two ether tram lines and where the traffic is usually 
very congested. As the gradient was getting flaiter the speed was being 
gradually reduced, and conductor Child, being by that time aware that 
something serious must have happened to the motorman, applied his 
hand brake and brought the car to a stand in the Saltmarket. The 
car did not leave the rails. 

An examination of the gear of both the magnetic track^ brake and 
the band brake after the accident indicated, so far as their damaged 
condition would i)ermit, that no defect had existed in either of them 
prior to the accident. 

F'our methods of brakmg were under normal circumstances avail- 
able on the car, as explained in the book of Rules and Regulations 
issued to their men by the Glasgow Corporation, viz., (1) by means of 
the hand broke; (2) by means of the magnetic track brake; (3) by 
reversing the motors: the reversing handle being placed in the back- 
ward position ; (4) by short-circuiting the motors while acting as gener- 
ator?: the reversing handle being placed in the backward position, and 
the controller handle placed on the highest power notch. This method 
to be u*ed only as a last resort. Of these (3) and (4) were not available 
to Dotan owing to the fact that he had no reversing handle at his end 
of the car. 

The rule in Glasgow is that on gradients such as those on the Bell 
of Brae hill cars should coast down with the magnetic track brake 
applied sufTiciently to maintain the speed at eight miles an hour, but, 
assuming for a moment that something was wrong with the magnetic 
brake, there would have been no difficulty whatever in coasting down 
that hill by the use of the hand brake, had it been applied at the top 
of the hill at Rotten Row, and the speed never allowed to exceed the 8 
mile limit. In either case the brake should be applied while the car 
is at rest at the top of the hill. Judging from constable Donald's 
e\idence, Dolan was using both the magnetic brake and the hand 
brake at the lime of the collision. If the speed was then anything 
like 25 to 30 miles an hour the hand brake would be practically useless, 
and the only r««ult of applying it would be to interfere with the action of 
the magnetic track brake by causing the wheels to skid. And although 
the track brakt, if properly used, would be able to stop a car travelling 
at that speed, given sufficient time or distance, it seems that the first 
collisinn occurred before any reduction of speed could have been effected. 
Had the reversing handle been available at the front end of the car it 
is prol>ahle that Dolan, following ihe usual custom, would, if lime had 
permitted, hav»- made use of No. (4) method of braking, which, as 
already stated, is to be used only as a last resort. This method is in 
reality nothing more than another form of wheel brakes, the power of which 
^% limited by the co-elBcient of friction between the wheels and the rails, 
and it is not nearly so effective as No. (a). Under these circumstances 
the fact that Dolan was unable to use No. (4} method of braking had 
«ny bearing upon the accident, inasmuch as this method would not 
have had time to take effect before the collisions occurred and Dolan 
received his fatal injuries. 

♦l>oliut'» Buudy key h»a not been found since the accident. It may have ulipviad out 
of hill poek«t when be fell from the car. 



When the car came to rest the hand brake was found to be off and 
the controller handle in the full braking position, the effect of which 
would be to apply the magnetic track brake with full force. But as 
the front end of the car was very much damaged it is impossible to 
say definitely whether the handles were in these positions when Dolan 
fell off the car. The question therefore arises, *' Did the magnetic track 
brake fail him "? 

No. 90 pattern of controller differs from other tramway controller^ 
in that the movement of the reversing handle does not directly mov 
the reverse drum itself, this not being actually rotated until the main 
handle is moved from the ** off '* position towards either the power or 
the brake notches. The ratio of the gear by means of which the reverse 
drum is rotated by the movement of the main drum, is such that a very 
slight movement of the main (controller) handle causes the contacts of 
the reverse drum to make connection with their corresponding fingers. 

1 he wiring of an electric car is very complicated and ditlicult to fol- 
low, even with the aid of a diagram, without which it is impossible. 
But it may be briefly stated that the placing of the reversing key of 
the controller in the forward position at one end of the car has, so long 
as the handle of the controller at that end is accurately in the '* off " 
position, absolutely no effect upon the driving or braking of the car by 
means of the controller at the other end. But if by any chance the 
controller handle at the first end is displaced even to a small extent 
towards the brake notches, contact is made between the reversing drum 
and its corresponding fingers, with the result that when the controllei 
handle at the other end is moved to the braking position the armatures 
of the motors are short circuited and the magnetic track brake cannot 
l)e applied. Similarly if the main handle at one end of the car is 
slightly displaced towards the driving notches, the reversing key 
being as before, it would prevent the car from being started by means 
of the controller at the other end. 

If, when inspector Muirhead told Dolan to remove the controller 
handle from No. i end of his car to the other end the pointer was 
exactly- in the ** off '* position he was right in saying that the reversing 
handle at No. i end of the car being left in the forward position would 
make no difference whatever to the driving or braking of the car by 
means of the controller at No. 2 end. But if in removing the controller 
handle from No. i end it was displaced even to a very slight degree 
(say from I to I inch) in the direction of the braking notches, it would 
render it impossible to operate the magnetic brake from the controller 
at No. 2 end. When the reversing key is in any but the neutra' position 
the controller handle is free to move in either direction, and a slight 
displacement of the controller handle might easily take place un- 
observed during the process of removing that handle. 

Should anything of this sort have happened when the men were 
hurriedly removing the handle from one end of the car to the other 
at Springburn, it is possible that when Dolan came to apply his mag- 
netic track brake on the Bell of the Brae hill it did not operate, not 
on account of any defect in it, but simply because the electrical con- 
nections were wrongly made. This would take him by surprise, and 
not knowing the reason for the failure of the brake he might have made 
more than one attempt to apply it. By the time he realised that for 
some reason, which he did not understand, the magnetic brake was 
out of use, the speed would have got beyond the power of the hand 
brake, and the car would then be out of control. 

Whether this be the correct explanation or not, inspector Muirhead 
committed a grave error of judgement in allotving the car to leave 
Springburn with the reversing handle in the forward position at the 
rear end of the car, and without any reversing handle at the driving end. 
For, disregarding altogether the suggestion made above, it is not to be 
disputed that Dolan was deprived of the third and fourth methods of 
braking the car which are specified in the Glasgow Tramway Rule 
Book, and although if these methods of braking had been available the 
accident would not have been altogether averted, as the collisions 
would have occurred before either of those methods had time to take 
effect, Muirhead had no right to cause, or permit, Dolan to run any 
risks. A heavy double-decked tramcar is at all times an awkward 
thing to manage on an incline, and not a single precaution can be 
safely dispensed with. Muirhead's duty, and Dolan*s duty if Muirhead 
had not happened to be present, was to cause the car to be taken to the 
nearest dep6t as soon as the difficulty with the reversing handle 
occurred. It happened in this case that there was a depdt at Possil 
Park, not very far from Springburn, and, if the car had been sent there, 
there would have been no occasion for it to descend Ihe hill until the 
defect had been put right. 

It is quite easy to guard against the possibility of removing the con- 
troller handle when it is not absolutely in the ** off " position by cast- 
ing on the lid of the controller case an overhanging lip round the 
spindle of the main drum, with only one gap in it, viz., immediately 
opposite the ** off ** position, attaching at the same time to the handle 
a lug which would engage in the lip in such a way that The handle 
could only be put on or taken from the controller in the correct position. 
Such a lip is provided on controllers of other types, and the manu- 
facturers (the British Westinghouse Company) agreed to act upon this 
recommendation in future when manufacturing controllers of No. 90 
pattern. 

When the case of the controller wa? opened after the accident the 
whole difficulty was found to be due to the screw pivot stud at the top 
of the reverse interlocking pawl having become unscrewed, thus allow- 
ing the pawl to get out of position and preventing it from passing 
through the slot in the sprocket wheel, the result being that the inter- 
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locking gear became jammed and the rex'erse handle could not be 
moved in either direction. This is not the first occasion on which the 
pivot studs, either at the top or bottom of the pawl, have worked loose. 
The defect is easily remedied, either by inserting a small plug of wood or 
metal in the pivot hole on the top of the pivot stud, or, better still, by 
letigthening the pivot stud itself, and the manufacturers promised to 
attend to it. 

As already stated, it is the custom on the Glasgow Corporation 
Tramways to use the hand brake for ordinary stops, and to reserve 
the magnetic track brake for emergency stops and when coasting 
down hills. This is not the proper manner in which to employ the 
magnetic or any other form of ** power '* brake. It is a mistake in 
tramway practice to regard any brake as an ** emergency '* brake, and 
as one which is only to be used on rare occasions. When this custom 
is followed, there is a risk that the brake will either be wrongly applied, 
or for some reason or other will fail when the occasion for its use arises. 
In tramcar driving the '* emergency " is ever present, and the motor- 
men should be instructed to use at all times the most powerful braking 
device at their disposal. 

The iramcar to which this accident occurred, and most of the tram- 
cars belonging to the Glasgow Corporation, are fitted with only two 
sand-boxes^iz., one at each end of the car. This means that sand 
can be applied to only one rail at a time, so that whe i the rails are 
greasy, and the efficiency of the braking appliances is of the utmost im- 
portance, it happens that the brakes, of whatever description, only do 
good work on one side of the car, which in other words means that 
when the rail conditions are at their worst only half the brake power is 
available. This seems to be a very unsatisfactory arrangement, and 
the Glasgow Corporation should take early steps to fit all their cars 
with four Sanders — viz., two at each end. 



At Clapham Common Station, C. & S.L.R. On 24tk May, Mr. 
A, P. Trotter\reports thai :— 

An electric locomotive belonging to the City and South London R. 
was destroyed by fire. 

There seems to be no evidence to show that the fire was due 
either directly or indirectly to the electric current, and it is impossible 
to connect it with any electrical cause. It seems to have burned 
most fiercely at the corner where a cupboard stands, and at the 
opposite corner where there is a considerable collection of insulated 
cables. The contents, including controllers, and other machinery above 
the floor level were destroyed. A little woodwork remained not quite 
burned, and this was extinguished by the firemen. The amount of wood 
has been reduced in the newer locomotives. The carriage next to the 
locomotive was uninjured inside ; the glass of the door was broken by 
heat, and the paint blistered. 

If any servants of the Co. had been present when the fire first broke 
out, it could have been extinguished in a few minutes. The current 
was cut off at 12.20 a.m. and the fire was not noticed till 7.30 a.m. 
But being allowed to burn itself almost out, it afforded an interesting 
and satisfactory test. The wooden platform showed no traces what- 
ever, and the only signs that there had been a fire was a little smoke 
on the roof, split tiles, and the partial burning of a few feet of wood 
moulding round the advertisements. The complete escape of the carriage 
coupled to the locomotive is a point in favour of separate locomo- 
tives. 

The cause may have been, (i) a lighted match thrown down by a 
man just before leaving, or (2) the emergency oil lamp which may not 
have been extinguished, or ^(3) spontaneous firing of oily waste in the 
cupboard. No large amount of oily waste is kept on the locomotives, 
and spontaneous firing does not occur with small quantities. 



Between Tividale & Oldbury, Birmingham & Midland Tramways. 
On 20th February. Col. H. A. Yorke reports that :— 

Car No. 6 left the rails and after travelling a few yards on th"» ground 
turned over on its left side and fell upon conductor McCabo and killed 
him. There were about 16 passengers on the car of whom 9 were 
injured, one fatally. 

The car was a four wheel (6ft. bin. centres) double deck car with top 
cover. It was fitted with the hand brake, electric (rheostatic) brake, 
trigger lifeguard, and four sanders, viz., two at each end. It had 
recently undergone general overhauling and painting, the wheels being 
changed. 

The tramway was originally worked by steam, but was reconstructed 
for electric traction on the overhead system in 1904. 

'ihe track was in good condition, although there were some slight 
irregularities such as are to be found on all tramways. Owing to the 
section of the road, the left hand rail at the points is slightly lower than 
the right hand one, and this difference increases for a short distance 
along the loop. But, speaking generally, there was littl? fault to be 
found with the permanent way. 

After the accident the left hand trailing wheel was found to be broken, 
and from the marks on the ground it appears that this wheel broke as 
it was passing through the points. This caused the left hand trailing 
corner of the car to drop and the leading end to slew slightly to the right. 



The result of this was that right hand leading wheel tcok the wrong- 
side of the crossing where the inner rails of the two tracks intersect. 
The leading end then became derailed, and the car swerved still more to 
the right until it was right across both track-?, when it turned over. 

The accident may be attributed to the breaking of the wheel, which 
was of cast iron wUh a steel tyre, the cast ircn centre being similar in 
design to other centres that have been in use on these tramways soce 
their opening for electric traction. It was not one of the original centres, 
but formed one of a batch supplied by the S\^^A Nut and Joseph Hampton 
Co. in 19' 15. In the centre of each spoke there was what appeared to 
be a thin iron rod extending from the rim 10 the hub. These rods were 
not specified for, and seem to have been put there by the manufacturers. 
The spckes were rather light, and it was probably for this reason ihat ihc 
manufacturers caused the iron rods to be placed in the middle of the 
spokes during the casting. The wheel, the tyre of which had been 
recently turned up, was first brought into use in December, i9»'6, since 
which date it is said to have travelled about 25,500 miles. It had been 
placed under the car, to which the accident occurred, during its repairs 
a short time previously. 

When the car entered the loop points and lh"» wheel had to travel on 
its flanges for a short distance, as is always the case at such points, the 
spokes gave way. and the wheel collapsed. The Co. had, before the 
accident, decided to gradually discard them and replace them by wheeU 
of a stronger and better description. But since the accident, they have 
agreed to hasten the process of scrapping these unsatisfactory wheels, 
and to replace them as quickly as they can obtain supplies of the im- 
proved wheels from the makers. 
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The Rt. Hon. Lord Stalbridge, chairman of the L. 
and North- Western R., has consented to take the chair at 
the Festival Dinner of the Railway men *s Convalescent Home, 
to be held in the spring of next year. 

Mn Stanley Baldwin, M.P., of Baldwins. Ltd., has 
been elected a director of the Great Western R., to fill the 
vacancy caused by the death of Colonel Sir Nigel Kingscotc. 
Mr. Baldwin is a son of the late chairman. 

Mr. Herbert Allen has been elected vice-chairman of 
the Costa Rica R., in succession to the late Mr. Alfred R. 
Smith. 

Sir W. E. Garstin, G.C.M.G., member of the Rail- 
way Board of Egypt, has been elected chairman of the 
Egyptian Delta Light Railways. 

The Rt. Hon. Lord Balfour of Burleigh, director, 
has been elected chairman of the San Paulo (Brazilian) R., 
in succession to the late Mr. M. G. Megaw, 

Mr. F. J. Ramsden has been elected a director of the 
Furness R., in succession to the late Sir John Hibbcrt. 

Railway honours in commemoration of the King's birth- 
day were far from numerous. Perhaps it was feared that 
offence might be given to Mr» R. Bell, M.P., and his party, 
but Sir Chas. McLaren, Bart., M.P., chairman of the 
Metropolitan R. and several other important commercial 



undertakings, was created a Privy Councillor, and Mr. H 
A. F. Currie, manager of the Uganda R., had the honour 
of C.M.G. conferred on him. 

Mr. Wm. Forbes, general manager L., Brighton and 
S.C.R., has been elected chairman of the Railway Clearing 
House General Managers* Conferences for next year. 

Lt.-Col. Hy. Plews, general manager of the Great 
Northern R. of Ireland, has been elected chairman of the 
Managers* Conferences of the Irish Railway Clearing House 
for next year. 

Mr. J. Elliott, superintendent of the line. Midland R., 
has been elected chairman of the Railway Clearing House 
Superintendents* Conferences for the ensuing year, and 
Mr. F. H. Dent, goods manager of the South-Eastern R., 
chairman of the Goods Managers* Conferences. 

Mr. Russell Willmott (vice Mr. J. F. Burke), of the 
East and West Junction R., and Mr. Joshua Shaw 
(vice Mr. R. Bowman Smith), of the Mersey R., have been 
appointed members of the Goods Managers* Conference, 
Railway Clearing House. 

Mr. T. W. Pettigrew has been appointed general 
superintendent of the Caledonian R., in succession to Mr. 
Guy Calthrop, who, as we noted in our last issue, has suc- 
ceeded the late Mr. R. Millar as general manager. Mr. 
Pettigrew entered the service of the company as a clerk over 
40 years ago. He has been succeeded as assistant general 
superintendent by Mr. R. Docherty, who for some time 
has had charge of the goods and mineral department of the 
office. 

Mr. A. J. Constable, formerly assistant to the 
general manager of the Great Northern R., subsequently 
assistant to general manager of the Central South African 
railways, and latterly of the Midland R., has been appointed 
by the South Yorkshire Joint Line Committee superintendent 
of the new joint line from Dinnington to Kirk Sandall. 

Mr. B. H. Peter, signal engineer, Met. - District 
R., has been appointed signal engineer to the Underground 
Electric R. Co. of London. 

Mr. W. Kettles, chief clerk, has been appointed dis- 
trict traffic superintendent of the North British R. at Dundee, 
in succession to the late Mr. W. B. Cape. 

Proposed Amalgamation of the Taff Vale, Rhymney 

and Cardiff Railways. 
Subject to Parliamentary sanction, the Taff Vale R. Co. 
has agreed to buy the undertakings of the Rhymney and the 
Cardiff railway companies. The amalgamation would have 
only a very local interest so far as the country is concerned, 
but great economies would be effected in working the three 
undertakings by one administration. 

Stratfordians* Re-union Dinner. 

The fifth annual re-union dinner of the past and present staff 
of the locomotive department of the Great Eastern R. was 
held at the Liverpool Street Hotel on the 20th ultimo, with 
Mr. W. F. Pettigrew, locomotive superintendent of the 
Furness R., in the chair. The re-union numbered 60, and 
included Messrs. James Holden, J. P., S. D. Holden, A. J. 
Hill, F. V. Russell, W. D. Craig, E. S. Tiddeman, J. H. 
Adams, J. W. Howard, A. W. Policy (Hon. Secretary of the 
Organising Committee), and other distinguished Strat- 
fordians. 
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Cardboard Models of Locomotives. 
The Publishers of ** The Model Engineer ** are issuing at 
the very moderate price of I5., a box containing a set of cards 
which, when cut up and stuck together in accordance with 
a book of very explicit instructions, will form an exact scale 
model of the Midland engine *' Princess of Wales.'* Build- 
ing such models is a very useful and instructive pastime for 
children during the long winter evenings. The methods 
employed in putting this model together are very ingenious. 

French Colonial Railways. 

The recent report dealing with the French Colonial Budget 
for 1909 contains some interesting details concerning the 
development of railway construction in the French Colonies 
from 1895 to 1908. The total length open to traffic in 1895 
was 272 miles, in 1900 it was 590 miles, in 1905 it had risen 
to 1,651 miles, and on June 30th, 1908, to 2,066 miles. And 
including the railways in course of construction (with the 
exception of those in Tunis and Algeria) the total length 
amounted to 2,923 miles. 

The results obtained by the lines already in full working 
order are very satisfactory both as regards the receipts and 
the development that they have caused in the districts through 
which they have been laid. Tliis development is being seen 
most notably in Western Africa. However, attention is 
called to the one great fault in connection with the French 
Colonial railways, viz., that the construction of the lines is 
allowed to depend too much upon financial considerations, 
the result being that far too many alterations to the original 
projects have to be made. 

Freeing Points and Crossings of Snow. 

A NEW method of snow melting by means of a hydrocarbon 
fluid was described in a paper piesented by J. S. Lang, 
M.Am.Soc.M.E., at a recent meeting of the Railway Signal 
Association. The practicability of this method, according 
to Mr. Lang, has been demonstrated by its use for the pur- 
pose of freeing switches from snow and ice during the past 
three winters at one of the busiest terminals in the country. 
The process is described as follows : — 

The melting of the snow or ice is effected by applying 
to it a flaming fluid of special character, which continued to 
burn while in the snow, melting and finally evaporating the 
greater portion of it. On account of the special character 
of the fluid, the flame is easily mamtaincd regardless of the 
high winds of the storm or the drifting of the snow. 

The fluid is applied by the regular track men by means 
of a safety distributing can, and the height and extent of 
the flame can be regulated with ease. 

No injury to track results from the use of this system, 
as the temperature of the rail is not raised to the usual 
summer heat. The fluid is obtamable in the open market 
at from 3 to 5 cents (i^d. to 2JJ.) per gallon, and may be 
obtained free of cost by railroads operating their own Pintsch 
gas plant. 

This system is said to be at once more economical and 
more effective than the common method of ** hand cleaning " 
switches. — American Engineer and Railroad Journal, 

Russian Railway Notes. 

According to the Russian Press, the State Railways have 
been worked at a loss for several years, while the railways 
owned by private companies have been able to continue 
their services only by the help of heavy subsidies from the 
guarantee funds provided by the Government. It is not 
surprising, therefore, that the Minister of Finance should 
have appointed a Commission to discuss the measures that 
ought to be taken for reducing the expenditure and improving 
the general working and the receipts of the railways. During 



the first eight months of the present year the receipts of 
State Railways amounted to ;^36,975,ooo, or a decrease of 
;^850,ooo, as compared with the corresponding period of 

^907- 

The Russian Ministry of Ways of Communication has 
asked the Duma to make it a grant of ;£'2, 125,000 for the 
purpose of buying new rolling stock for the State railways 
during 1909, and has just issued orders that henceforth 
** engineer-technologists '* will njt be admitted to service 
on any Russian railway unless they have served at least 
six months as drivers on locomoti\es. 

A striking instance of the general insecurity of property 
on the Russian railways has just occurred in St. Petersburg, 
and is recorded by the ** Journal de St. P^tersbourg. * ' A 
breakdown train belonging to the St. Petersburg-Moscow 
section of the Nicolas Railway was recently pillaged during 
the night. The trucks were all locked by especially strong 
locks and bolts, and stood on a siding ready for use. 

Testing Ferro-Concrete Floors. 

Some interesting tests of Ferro-Concrete (Hennebique sys- 
tem) Floors >\ere recently made at the new Sorting Oflice of 
the General Post Office by Messrs. L. G. Mouchel and 
Partners, consulting engineers, who are jointly responsible 
with Sir Henry Tanner, principal architect to H.M. Office of 
Works, for the design and construction of the new buildings. 

The portion of the floor tested was one complete bay with 
the superficial area of 40ft. by 35ft., or 1,400 sq. ft., consisting 
of six secondary beams Sin. wide by i8in. Iccp, excluding the 
floor slab, which is 3iin. thick. The beams are spaced 5ft. 
loin. apart centres and have the span of 40ft. between the 
centres of the supporting beams and columns. The secondary 
beams are reinforced by four igin. diam. tension bars, two 
Jin. diam. compression bars, and numerous stirrups for 
resisting diagonal tension and shearing stresses. The floor 
slab is reinforced by Jin. diam. tension bars running in two 
directions at right angles to one another as well as by stirrups 
like those in the beams. The concrete was made in the pro- 
portion of 6 cwt. Portland Cement, 13 J cu, ft. clean sharp sand 
and 2^ cu. ft. washed gravel, crushed to pass through a Jin. 
diam. gauge. At the date of the tests the work had been com- 
pleted about four months. 

The floor was designed for the working superload 
of I cwt. per sq. ft., and the specification required that 

(a) The maximum deflection at the centre of the beams 
to be not more than i-6ooth of the span under the full test 
load of i^cwt. per sq. ft. 

(h) After imposition of the full test load, the normal work- 
ing to be left in position for the period of 12 hours and the 
resulting deflection to be again measured. 

Under the normal load of icwt. per sq. ft. the following 
results were observed by means of delicately adjusted instru- 
ments : — 

Beam Deflection in 64ths inch. Ratio to 

No. Total. At supports. Net. Span. 

1 15 I 14 I to 2140 

2 13 — 13 I to 2300 

3 12 I II I to 2730 
Under the full load of ijcwt. per sq. ft. : 

1 22 2 30 X to 1500 

2 20 — 30 I to 1500 

3 20 2 18 I to 1670 
After 12 hours the extra load was removed at 9 p.m., when 

all the beams immediately rose about /^ in. at the middle 
of the span, and readings taken 9J and 12 hours subsequently 
showed that the beams had not perceptibly altered. 

After two hours (11 a.m. day following commencement of 
test) the removal of normal load began, and by 5 p.m., when 
one-third of it had been taken off^, the average rise of the 
beams was more than /^ in. By 8.30 a.m., when half the load 
was ofl*, the beams rose ^ in. at the middle, and at 10.45 
a.m., when the floor was quite cleared, the instruments 
showed that the floor had regained its original form. 
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Books, Papers and'^ Pamphlets. 

Railway Shop up to Date, Compiled by the editorial staff of the 

'•Railway Master Mechanic." London: Archibald Constable and 

Co., Ltd. 
This is a reference book of American Railway-Shop Prac- 
tice, and has been compiled by Messrs. M. H. Haig and B. 
W. Benedict, managing editor and editor respectively of the 
*' Railway Master Mechanic *' (which is a description un- 
known in this country, but which is roughly equivalent to 
** locomotive superintendent," minus the running depart- 
ment), with the assistance of an advisory committee, consist- 
ing of Mr. C. A. Schroyer, superintendent car department, 
Chicago and North-Western R. ; Mr. M. K. Barnum, 
mechanical expert, Chicago, Burlington and Quincy RR. ; 
and Mr. R. D. Smith, mechanical expert, New York Central 
Lines* 

When reviewing a book of reference on such an 
important subject as the laying-out and arrangement of rail- 
way shops it is highly necessary to examine the auspices 
under which it is produced, and in this instance it must be 
admitted that in the combinaton of the three gentlemen above 
named (representing, as they do, vast American railway 
systems) and the editorial staff of one of the leading railway 
technical papers and one which, moreover, is especially 
devoted to the particular field covered by the book, we have 
all the elements necessary for the production of a reliable 
work of reference. We know of no other book like it in the 
English language; we can strongly recommend it as an 
interesting and most useful addition to the bookshelf of every 
railway engineer. It should also be particularly useful to 
those civil engineers who lay out shops without any very 
extensive knowledge of the mechanical processes and their 
sequences which arc to be carried out in them. In America 
there is, compared with this country, plenty of room and as 
a rule the works planner is not cramped for space, but there 
are other large countries — India, Africa, China and 
South America, and in these countries the book should be of 
great value. On the Continent those who are unable to 
read the text will have no difficulty in reading the many ex- 
cellent drawings. The book does not, and of course no 
book could, supply particular local knowledge or special 
arrangements required by climatic or other peculiar con- 
ditions. 

The various shops are dealt with in the following order : 
Lay-out, Locomotive Shop, Blacksmith Shop, Freig^ht Car 
Shop, Passenger Coach and Paint Shop, Planing Mill, 
Foundr)', Power Plant, Storehouse, Round House. The 
method of each of the chapters is the same ; the general con- 
ditions are first tersely discussed and then brief descriptions 
are given of several selected shops, followed by illustrations 
of the same, e,g., the chapter on Lay-outs is followed by no 
less than 21 general plans of railway works. 

At the end of the book is a long list, covering more than 
tpp., of references to articles in the American technical papers 
describing railway shops. 

•3f 
The Application of Highly Superheated Steam to Locomotives. By 

Robert (jarbe. London : Crosby, Lock wood and Son. 
This book is a revised reprint of a series of articles which 
appeared in The Engineer and which have been edited by Mr. 
Leslie S. Robertson. The author is one of the engineers 
attached to the Berlin section, or ** direction," of the 
Prussian State Railways, which are also the home of the well- 
known Schmidt superheater, an appliance which has made 
very rapid and large progress in Germany, slow progress 
elsewhere, and very slow progress in this country, France 
and America. 

The book is devoted firstly to showing the advantages of 
highly superheating steam for increasing the power of loco- 
motives as against the use of high steam pressures and three 
or four cylinders, either simple or compound, and secondly 
to showing that the Schmidt superheater, which is very fully 
described and illustrated, is superior to all the other super- 
heaters, which are briefly described and illustrated, and 



which have what the author considers their defects pointed 
out with directness and brevity. 

The saving claimed for a locomotive using highly super- 
heated steam is 25 per cent., as compared with an ordinary 
and similar locomotive of the same weight, and 20 per cent, 
as compared with a compound locomotive. In addition, 
superheating enables an engine to run longer distances with- 
out taking in water, reduces the maintenance (repairs and 
washing out) of boilers very considerably as compared with 
high pressures and compounding. These are great claims, 
and the value of the book would have been much enhanced 
had more proof of them than the statement that ** trials made 
'* with superheated locomotives on the Prussian State Rail- 
** ways leave no doubt as to their superiority over the heavier 
** four-cylinder compounds," been given. 

The book is well written, and those who wish to learn the 
case for high superheating, especially by means of the 
Schmidt superheater, will do well to obtain the book, as it 
could not be more clearly or succinctly stated. 

Tests of Reinforced Concrete Columns Series of 1907. By Prof. Arthur 
N. Talbot. Bulletin No. 20 of the University of Illinois Engineering 
Experiment Station, Urbana, 111. 
This bulletin records experiments upK>n concrete and 
reinforced concrete columns, which have already become 
quite notable and which will have a marked influence in 
fixing the standing of certain types of construction. A 
feature of reinforced concrete in which engineers and 
architects are much interested is the column having the con- 
crete hooped or bound with steel bands or spirals. Tests on 
this form of column reported from France and Germany indi- 
cate great strength, but the results have not been considered 
conclusive and many questions have been raised concerning 
its applicability to general construction. Engineers have 
wanted to know more of the action of this new combination 
of material. The tests here reported will therefore be 
welcomed by the engineering profession. One of the leading 
engineering journals in commenting on the importance of the 
results of these tests states that they bear on nearly every 
phase of imf)ortance of reinforced concrete columns. The 
tests go to show that in hooped columns the steel hooping 
does not come into action to any great extent before a load 
equivalent to the ultimate strength of plain concrete, or a 
little below, is reached, and that up to this point the action 
of the column is very like one of plain concrete. Beyond 
this load the column shortens rapidly and the deformation 
becomes very marked. The extreme amount of shortening 
is a great disadvantage. The amount of strength added by 
the hooping before ultimate failure is reached is two to 
three times as much as the effect of an equal amount of longi- 
tudinal reinforcement. A discussion of the French and 
German experiments is made, and observations on Poisson's 
ratio and data on the phenomena accompanying tests of plain 
concrete columns are given. The work of Professor Talbot 
in reinforced concrete is well known, and this investigation 
is a further evidence of the importance of the work of the 
Engineering Experiment Station. The bulletin contains 60 
pages. 

The Fixing of Rates and Fares. By H. Marriott, assistant traffic 
manager, Lancashire and Yorkshire Railway. Lecturer, Faculty 
of Commerce in the Victoria University of Manchester. London : 
The Railway Gazette. iqo8. 
Until about 12 or 14 years ago Mr. Marriott, who has re- 
cently been promoted to the position of Superintendent of 
the Line, was in the audit office of the Lancashire and York- 
shire R., and is therefore an authority on the question of 
rates and fares. There are many railway men, to say noth- 
ing of the general public, who are unacquainted with the 
method of arriving at fares. They know that the general 
rule is one penny per mile, but are more or less ignorant as 
•io the shorter route governing the fare between competing 
points, and they are not much, if any, wiser as to the maxi- 
mum rates allowed by the Railway and Canal Traffic Acts 
and of the different classes into which merchandise is 
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divided. Railway students and the public may therefore con- 
gratulate themselves that they have now such a ready means 
of obtaining an insight into a complicated subject. But Mr. 
Marriott also deals in an equally interesting manner with 
tourist and excursion fares, season and traders' tickets and 
workmen's fares. 

No one would wish to be hypercritical with such a useful 
and excellent book, but we thin kit is to be regretted 
that some light was not thrown on the fixing of rates and 
fares between competing companies, especially as to the 
cheap fares between Lancashire and London, by the Clear- 
ing House Committees. And the Normanton Conference 
would also have been an interesting subject. The author not 
unnaturally refrains from referring to the thorny question 
of ** owner's risk" except in one paragraph of eight lines, 
and then it is only mentioned as ** exceptional rates." These 
are, however, omissions which could be rectified in future 
editions, and which do not very materially detract from the 
value of the present work. 

« 
Railways and Nationalisation, By Edwin A. Prait. London : P. S. 

King and Son. 1908. 
As the question of the nationalisation of British railways is 
to the front just now, it is a decided convenience to have 
such a real live book at hand as that before us, as it is com- 
prehensive, instructive and clear. Many persons assume that 
because municipalities more or less — chiefly less — success- 
fully operate tramways, gas works, electrical undertakings, 
etc., that the British Government could successfully run rail- 
ways, and they point, in support of their assumption, to the 
State-owned railways of New Zealand, Australia, Germany, 
Belgium, and other countries. Opponents of railway 
nationalisation are generally content to offer as an answer 
to this the question of cost and the possible fear of a host of 
railway men capturing the parliamentary machine. Mr. 
Pratt's reply to Stalte-ownersh5p proposals covers a wider 
and more comprehensive ground. He brings the question 
nearer home, and shows how the passenger and trader would 
suffer at the hands of high Government officials ** bound by 
official routine and circumlocution in general." No one's 
convenience or interest will be studied then, and whilst all 
are thus placed on the same level it is a much lower level 
than we rest upon now. Then there arc many difficulties, 
which cannot readily be swept aside as being matters of 
detail, to be met with. They are problems to be faced, and 
are of a nature that have not been thought of by advocates 
of nationalisation, e,g,y there are the railway shops at Crewe, 
Swindon, Derby, Doncaster, and other places. These will 
still be necessary for the repair of locomotives and rolling- 
stock, and there are the railway-owned docks and steamship 
services. These would, it may be assumed, be taken over by 
the State, who thus enter into competition with private parties 
and come into contact with trades unions who might call 
out their employes in a sympathetic strike and so involve 
the Government. These and similar problems are pithily 
exposed, and, incidentally, the public is reminded of the 
many advantages it now enjoys under private ownership. 

The Nationalisation of Railways. By A. Emil Daviks. London : 

A. and C. Black. 1908. 
This booklet has at any rate two merits. Firstly, like the 
proverbial baby, there is not much of it, and secondly, what 
there is of it is, we think, more likely to retard than advance 
the cause it advocates. Generally it may be said that the 
author finds nothing good in or about our railways and their 
management whereas the Prussian State railways approach 
the acme of perfection. It seems almost a pity that the 
author does not permanently reside in Germany, as he 
would then be able to enjoy more frequently the ** excellent 
meals at is, 5tl., and consisting of " soup, cutlets and 
vegetables, pastry, a cup of coffee, and a cigar." The men- 
tion of that cigar reminds us of the prizes once offered in 
an angling competition, viz., ist prize, a pot of beer; 2nd 
prize, half a pot of beer ; and 3rd prize, a good cigar. 

It is, however, fair to point out that Mr. Davies is the 
author of but a portion of the book, as it consists largely of 



ill-assorted extracts from speeches of more or less public 
men and articles from papers; about one-sixth of the book 
consists of extracts from the Hon. Geo. Peel's futile attack 
on the L. and North Western R. management. 

The personal opinions of Mr. Davies as to the merits of 
British and Continental methods might have carried more 
weight had his statement of facts been more reliable. Thus 
we are told that we have ** three or four times the amount of 
rolling stock that the traffic really requires," that '*an 
ordinary locomotive " costs about £2,^00, a 3rd class coach 
;^40o, ** a ist class one ;^7oo, while a composite coach works 
out at about ^^1,000," and that one general manager is paid 
a salary of jfe 12,000. Had we space we could pick similar 
statements from almost every page of the author's work. 

There is, however, one other statement which calls for 
particular mention. On page 36 the author remarks that he 
knows of ** one case in which a certain railway secures all 
" traffic of a large engineering concern because the canvasser 
** has put them up to dodges in classification which arc 
** winked at by his company, solely in order to secure the 
"traffic at the expense of competing lines," Such a pro- 
ceeding would not be tolerated by the Clearing House, which 
by the way the author is so anxious to see abolished, and as 
a consequence its army of clerks sent to join the unemployed. 
It would also be preferential treatment which would be 
stopped by the Railway and Canal Commission Court, and 
lastly we would point out that it ought to be within the know- 
ledge of the author that not long ago both the L. and North- 
western and the Midland Co. 's successfully instituted pro- 
ceedings against certain firms for falsely describing their con- 
signments. The line between " dodges in classification '* and 
fraud is a very fine one, and respectable firms do not care to 
take the risk of being found on the wrong side of it. 

Locomotive Notes. 

This year has not been remarkable for the number of new 
locomotive designs which have been introduced on British 
railways ; in fact, speaking generally, the locomotive depart- 
ments have been marking time. This is doubtless due in 
some extent to the heavy falling off of traffic owing to the 
trade decline, but another reason for this state of things is to 
be found in the fact that the existing engines, which were 
built during the last four or five years, are of such propor- 
tions as to be well up to the traffic demands, and thus the need 
for greater power has not arisen. 

Some new types have, however, been introduced, and we 
have dealt with them in our monthly " Notes," and others 
which deserve notice are the new 0-6-0 type goods engines, 
which have recently been put into service on the Caledonian 
and the Great Northern Railways. 

The principal dimensions of this and the Caledonian 
engines are as follows : — 

Railway. Caledonian. Great Northern. 

Cylinders 184 in. x 26 in. 18 in. x 26 in. 

Wheels, diameter 5 ft. o in. 5 ft. 8 in. 

Wheelbase 16 ft. gin. 16ft. 3 in. 

Boiler, barrel diameter 4 ft. 8i in. 4 ft. 8 in. 

„ „ length 10 ft. 3i in. 10 ft. 5 in. 

,, firebox, length outside ... 6 ft. 5 in. 6 ft. 4 in. 

Heating surface, tubes 1,284 sq.ft. 1,130 sq.ft. 

,, „ firebox ... iiq sq.ft. 120 sq.ft. 

„ „ total ... 1,403 sq.ft. 1,250 sq.ft. 

Grate area ... 2o-6sq. ft. jgsq. ft 

Working pressure, lbs. per sq. in. 160 170 

Weight in working order ... 45 tons i4cwt. 46 tons I4cwt. 

The Caledonian engines are very plain examples of this 
essentially British type, and have few novel features ; they are 
illustrated on p. 388. 

The Great Northern engine is on more unusual lines, for 
the coupled wheels are larger than are commonly found in 
six all-coupled engines; this is owing to the design having 
been got out for handling either fast goods or passenger 
traffic. The wheels are 5ft 8in,, a diameter more often 
associated with the 2-6-0 type. 

The cylinders are iSin. by 26in. inside* the frames, and the 
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valve gear is of the Stephenson type. The boiler has a 
direct stayed round topped firebox of medium dimensions, 
the centre line of the boiler is 8ft. o^in. above the rail. 

As regards lank engines there has been rather more pro- 
gress made* than in other types, and we have previouslv 
instanced some of the designs. There are two others which 
have not yet been described in these columns. Both designs 
were brought out at the latter end of last year, but the bulk 
of the engines have been put into service during the current 
year. The first consists of a series of 0-4-4 tanks, a class 
that has of late years fallen rather into disrepute, but one 
which IS capable of excellent work, especially on such a line 
as the North Staffordshire R., for which they have been built. 
We believe we are correct in saying that the largest run is 
from Stoke to Manchester, and some of these trains are being 
worked by the new engines. The cylinders (inside the frames) 
are iRJin. by 26in., and have their valves between them 
actuated by direct Stephenson gear. The boiler has a total 
heating surface of 1,120 sq. ft., of which the tube surface is 
1,101*7 sq. ft., The grate area is i7'8 sq. ft. The fire-box 
is round topped, the crown of the copper box being stayed 
by roof bars or girders. The coupled wheels are 5ft. 8in., 



and the bogie wheels 3ft. 7in. diam. The rigid wheelbase 
is 8ft., the total base 20ft. The side and back water tanks 
have a capacity of 1,300 gallons. In working order the 
weight is 56 tons, of which the adhesion is 34 tons 15 cwts. 

The other class of engines referred to are a novelty in 
regard to wheel arrangements for English tank engines, hav- 
ing a four-wheeled leading bogie and six-coupled wheels. 
These engines are working the trains of the Yorkshire Coast 
line of the North Eastern R. Their cylinders are inside the 
frames i8in. by 26in. The valves are of the piston type, 
placed below the cylinders and are actuated by Stephenson 
gear; the leading coupled axle drives. The wheels are 5ft. 
i^in- diameter, the rigid wheelbase is 12ft. 6in., the bogie 
has a wheelbase of 6ft. 6in. and wheels diameter. The water 
is carried in large side tanks only, with a capacity of 1,500 
gallons. 

The boiler has a total heating surface of 1,312 sq. ft., the 
fire-box surface being 130 sq. ft., with a grate of 23 sq. ft. ; 
the outside length of the fire-box is 8ft. 2in. ; the copper box 
is stayed to the round topped shell by direct stays ; the worl ing 
pressure is i7olbs. In full working order the weight is 69 
tons, of which 52 tons are on the coupled wheels. 



Thornycroft'8 Motor Railway Car. 



The motor railway car built by Messrs. John I. Thornycroft 
and Co. at their Basingstoke Works for the Paknam R., 
Siam, will interest railway engineers, as it has many features 
which render it suitable for passenger or goods traflfic. 

It will be seen from the annexed illustration that the 
passenger accommodation is of the simplest character, as the 
car will be almost exclusively employed for carrying natives 
of the poorer class. It could, of course, be differently 
arranged as required. 

The car is constructed to run en rails of 5ft. 6in. gauge, 
though the alteration to suit any other gauge would not be 



of the engine is amply effected by means of a radiator of 
the tank type, with vertical gilJed tubes. 

The clutch is of the metal-to-mctal type, and acts very 
satisfactorily. The transmission gear is arranged to give 
two speeds in either direction — the first up to about 18 miles 
per hour, and the second about 40 miles per hour, the 
maximum in each case being on the level. The final drive 
is by means of chain to one of the axles, and the whole of 
this gearing is enclosed in an oil-tight casing. The axle- 
boxes have Pennsylvania axle-box bearings, and have suit- 
able means of lubrication. 



very considerable. It is arranged to carry 40 persons, and 
is capable of ascending gradients of i in 40 or rounding 
curves of 2J chains. 

The fuel may be either petroleum (kerosene) — which is 
readily obtainable in all parts of the world — or petrol spirit, 
as desired, the efficiency of the engine being practically the 
same on either fuel. Sufficient fuel is carried for a total 
run of about 300 miles without replenishment. 

The four-cylinder engine fitted is of the standard Thorny- 
croft type, developing 30-B.H.P. on paraffin. The crank 
shaft, cam shaft and gear wheels all run in oil-tight casings, 
while the valves are mechanically operated. The cooling 



Changing speed and reversing is controlled by single 
levers working in a ** gate," one at each end of the car, 
so that the driver always faces forward and has an uninter- 
rupted view. 

The brakes are so arranged that the driver has control 
of a foot brake operating on the countershaft, and a hand 
brake operating on the leading wheel tyres, while the con- 
ductor has control of an mdependcnt hand brake acting on 
the trailing wheels. 

On the trials, which took place on the L. and South- 
western R. near Basingstoke, the car carried a load equal 
to 40 passengers, and negotiated an up-gradient of i in 40, 
with a 9-chain curve, at 15 miles per hour. 
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Six-Coupled Goods Engines (652 class), Caledonian Railway. 



The annexed illustrations show the latest type of 6-coupled 
goods engine, designed by Mr. J. F. Mcintosh, locomotive 
engineer of the Caledonian R., and of which a number are 
being built at the Company's works at St. Rollox, Glasgow. 
The cylinders, i8^in. by 26in., are inside the frames and 
work on to the middle axle. The slide valves are between 
the cylinders, and are operated by Stephenson gear. The 
crank-axle is built up and has main journals H^in. diam. by 
7jin. long, and journals for the connecting rod 8Jin. diam. 



Mcintosh, and is the result of extended study and experi- 
ment in this particular direction, and so satisfactory has 
been its behaviour in actual working under severe and vary- 
ing conditions that arrangements have been made for fitting 
it to all new Caledonian engines. It consists of a V-shaped 
plate placed vertically in the smokebox with the apex to- 
wards the tube plate. It is arranged to swing to either 
side of the blast pipe so that the tubes may be cleaned. 
The principal dimensions are as follows : — 
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by 4in. long. The leading and trailing axles have journals Sin. 
diam. by 7\\v\, long. The boiler tubes are of mild steel, and 
are galvanised. The safety valves are of the Ramsbottom 
pattern, 3in. diam., and are adjusted to blow off at a pressure 
of 160 lbs. per sq. inch. The crown of the copper fire box 
has girder stays. 

The engines are equipped with steam brake and also 
ejectors and ** through *' vacuum brake pipes, thus enabling 
them to be used for working express goods trains. 

A special feature of these engines is a new spark arrestor 
which bids fair to at last solve the difficult spark problem 
by diminishing live-coal throwing while keeping the dead 
cinders in such a position in the smokebox as to remain en- 
tirely clear of the bottom rows of boiler tubes. This effec- 
tive and extremely simple appliance is the invention of Mr. 



Cylinders : Diameter, iS^in. by 26in. stroke. 

Wheels : Diam. on tread, 5ft. oin. 

Boiler : Height of centre from rail, 7ft. cjin. ; barrel, 4(1. ^Jin. 
diam. by loft. 3iin. long ; thickness of barrel plates, ^\i\. 

Firebox shell, 6ft. 5in. long by 4ft. ojin. wide at bottom ; 
depth from centre at front 5ft. Gin. and 5ft. oin. at back. 

Thickness of covering plate, Jin. 

Tubes : Number, 275; external diameter, ijin. ; length between 
tube plates, loft. 7in. 

Height of chimney above rail, 12ft. iiin. 

Heating surface: Firebox, iiy sq. ft.; tubes, 1,284 ^q* f^- 1 
total, 1,403 sq. ft. 

Grate area, 20*63 ^q- ^^• 

Tractive force, 17,800 lbs. 

Working pressure, 160 lbs. per sq. inch. 

Weight of engine in working order, 45 tons 14 cwts. 

Tender : Capacity of tanks, 3,000 gallons ; fuel space, 4J tons 
wheels, 4ft. oin. diam. ; weight of tender, full, 37 tons 18 cwts. 
weight of engine and tender in working order, 83 tons 12 cwts. 
length of engine and tender over buffers, 51ft. i:]in. 
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Roof8.-XII* 

Plate Girders. 
Although plate girders are very frequently used, yet the 
theory of their design is by no means a simple one. Cer- 
tainly it is comparatively easy to design plate girders in which 
certain rule of thumb methods are accepted, such as the 
flange area being designed to resist the bending moments 
and the web being assumed to take the shear, the whole sec- 
tion of each flange and each web being considered as resist- 
ing these respective stresses, and this as uniformly dis- 
tributed over the metal in each part. 

How the different parts do actually fulfil these functions 
is however by no means yet known, and especially in the case 
of the web a considerable uncertainty exists, particularly as 
regards the thickness, the stiffening and the actual distribu- 
tion of the crippling or buckling stresses. 

The first thing required in the design of a girder or roof 
truss is of course the approximation of the weight of the 
structure itself, to which may be easily added the loads due 
to the purlins and roof covering. As regards the weight of 
the plate girder Thomson (Typical Steel Railway Bridges) 
gives the following formula for a 60 ft. span deck plate girder 
bridge (two girders under one track of railway) : 

w = lol -{■ 100 
where w is the weight of metal per foot of length, and I the 
length of the span in feet. 

It is, however, obvious that for heavier loads the factor 
10 given in the formula would have to be increased, whilst 
for lighter loads the same factor might have to be decreased, 
since it is plain that for the same length of span no formula 
can be used in which the anticipated loads do not form part of 
the consideration. 

It is well for the designer of girder work to prepare for 
his own use a series of tables of weights of girders in which 
the span and the loads are included, of as many examples of 
actual girder work of known weights as he can find accessible, 
and by this means lay by a store of information that will 
afterwards be found of invaluable use. 

Unwin gives the following formula for girders con- 
structed of plate webs or lattice bars : — 
P = wlr -r (cs — It) 
Where P = the weight of the girder 

w = the total equivalent distributed load 
I = the effective span 
r = ratio of span to effective depth 
= a constant, usually 1,400 to 1,500 for 
small bridges, and from 1,500 to 1,800 
for larger bridges 
s = the intensity of working stress per square 
inch, 
and to find the value of the constant c from girders of known 
weight 

c = 4 aZ -r P 
Where a = the mean gross area of both booms or 
flanges in square inches 
Stoney gives : — 

G = w|2 -f 12fd (i) 

• The previous articles of this series appeare*! ir the KaihiHiy Engineer as 

follows;-!., May, 1907; H-. Ju^y. 1907 ; HI.. September, 1907; IV., 

October, 1907 : V,, December. 1907; VI., February, 1908; VII., April, 1908; 

VIH.. lune, 1908; IX., September. 1908; X., October, 1908.; XI., 

November, 1508. 



Where w — total distributed load in tons, including 
weight of girders 
/ = length in feet 
d = depth in feet 
/ = working stress in tons per square foot 

of gross section 
G = weJght of main girder and end pillars 
in tons; 
then if P = load on the girder in tons 
10 = P + G 
and substituting this in (i) and reducing, we get 

G =. P/2 ^ (l2fd — P) (2) 

which gives the weight of the girder when the distributed 
load on it is known. 

As to the exact depth that should be taken in the calcula- 
tion of the girder as the effective or virtual depth, it is not 
yet determined unanimously whether the depth should be 
taken as the distance centre to centre of the flange areas, or 
whether it should be taken as between the centres of the rows 
of rivets attaching the flange to the web of the girder, or 
whether the effective depth should be assumed to be that 
back to back of the angles connecting the flange to the web 
plates. Perhaps it is the best plan to take the latter in the 
preliminary computation of the stresses, and unless the 
angles are of very large section proportionately to the flange 
plates, the effective depth so assured will be somewhat less 
than the depth centre to centre of the flange areas, and so 
will err on the safe side. 

The effective depth of a plate girder of any considerable 
size will be affected by the disposition of the flange plates, 
since at the centre of the span there may be three or four 
plates, whilst at the ends near the abutments there will 
probably be only one plate, and the depth centre to centre 
of the flange areas will therefore not be the same in the two 
positions. 

As regards the hog backed girder where the depth is ap- 
preciably less at the abutments than at the centre of the 
span, it is obvious that corrections as regards the vertical 
depth will have to be made to meet the reduction in the 
depth. 

In the case where the solid web of the plate girder is 
replaced by a series of lattice bars it appears almost obvious 
that the effective depth of the girder should be taken as 
between the centres of the clusters of rivets at the top and 
bottom of the lattice bars, though why this should be taken 
in the case of the open web girder and not in the 
case of the solid web girder does not seem to be by 
any means so clear. Perhaps it may be more satisfactory 
to decide the matter by referring to the design of the end 
attachments of the diagonal bars. If the centre lines of the 
rivet attachments are designed to meet in the centre of the 
riveting to the angle iron, then we may take the depth as 
being between such centres, but if on the other hand the 
centre lines of the diagonal bars of the web members meet 
in the centre line of the flange area then we may assume the 
vertical distance between the centres of the flange areas to 
be the virtual depth. At the present state of knowledge in 
this matter it is not by any means clear however that this 
is incapable of doubt, and the question must be left to the 
individual caprice of the designer. 

It is the practice in America to take one-eighth of the web 
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plate in a solid web girder as acting with the flange as resist- 
ing tension or compression stresses, but this is not by any 
means the practice adopted in this country. Why this ar- 
bitrary fraction of one-eighth should be taken and not a 
greater or less fraction of the web depth, is not quite clear. 

When the centre of gravity of the flange area is taken 
as the eff'ective depth of the girder, and when the lengths 
of the plates in the flanges are cut short to suit the bending 
moment diagram, the correct thing is to take the centre of 
gravity of the flanges and the efi'ectivc depth at the diff^erent 
points along the length of the girder wherever there is such 
an alteration in the flange area, but it is very questionable 
whether this is not a refinement that is unnecessary in most 
cases. 

In some American specifications it is laid down that the 
effective depth of a plate girder is to be considered as the 
vertical distance between the centres of gravity of the flange 
areas, with the provision that if this is greater than the 
distance back to back of the angles, then the latter dimension 
is to be taken as the depth. 

It may be stated here that the strength of a girder is very 
frequently and perhaps more accurately found by means of 
the moment of inertia, or /, and the outer fibre stress, or /, 
both of which are involved in the equation 

Af = // -r y 
M being the resistance to bending and y the distance from 
the neutral axis to the outer fibre, / being the greatest 
permitted intensity of stress in the extreme fibre. 

Sometimes also instead of taking y into account as the 
distance of the outer fibre, a reduction is made in that y is 
taken to the centre of gravity of the flange area, and the 
stress in this case is therefore the average and not the 
extreme stress. 

In most cases of plate girders it is required that the 
bending moments or chord stresses shall be assumed to be 
resisted by the flanges only, whilst the shearing stresses 
shall be understood to be taken entirely by the web of the 
girder. This is of course a purely arbitrary assumption 
when we consider that a portion of the web plate is firmly 
riveted to the flange and therefore forms a part of it, whilst 
on the other hand for the same reason that the flange is 
riveted to the web and forms part of it, some amount of the 
shear both in the horizontal and the vertical sense may very 
well be taken by the angles and plates of the flange. 

The rivets connecting the web plate of the girder to the 
flanges have to transfer the horizontal shearing stresses 
from the web to the flange, or in other words, the increment 
of the flange stress between any two rivets in the length of 
the girder. In the case of a girder where the load rests 
upon the top flange, the rivets connecting this flange to the 
web have, in addition, to distribute the load at each point to 
the web, whilst in the case of the loading being on the bottom 
flange the rivets have in the same way to transfer the load 
from the flange to the web in like manner. 

Generally the riveting is required to be strong enough to 
take this longitudinal shear when it is assumed to be equal 
to the vertical shear divided by the distance centre to centre 
of the flange areas, the dimensions to be taken in inches or 
in feet, as the case may be. The vertical shear at any point 
of the span is of course the end shear less the amount of the 
load between the section in questioh and the bearing where 
the end shear occurs. 



In the case of a load from cross girders or placed on the 
girders at certain distances or panels, the required pitch of 
the flange rivets will be found to increase gradually from the 
ends towards the centre of the span, and therefore also to 
increase between each of the panel points. 

The rivet pitch is usually determined at the centre of the 
panel length, and although this will give too great a distance 
between the rivets at the abutment end of the panel and too 
small a distance between the rivets at the other end of the 
panel, yet the total number of rivets in the panel will be 
correct. 

As regards the riveting in the centre of the girder where 
the horizontal shear in the web is at a minimum, of course 
the pitch of the rivets could be indefinitely large, but for con- 
structional purposes it is not desirable to pitch the rivets at 
a greater distance than four inches, and also for the same 
constructional reasons both flanges are generally arranged 
the same way as regards the drilling for the rivets. 

It would be desirable for shop purposes to keep this pitch 
of riveting uniform throughout the girder at all parts, but 
where this is not applicable in the case of heavy shearing or 
bearing stresses the requirements of riveting can be met by 
either increasing the diameter of the rivet or decreasing the 
pitch. In some cases, especially in shallow girders, it will 
be necessary both to make the pitch smaller, and at the same 
time to increase the diameter of the rivets. 

The pitch of the rivets between the web and the flange 
angles is usually determined in the following manner : — 
Maximum shear in tons ^ depth of web in feet = horizontal 

shear in tons per foot, say 13 tons, 
and if it be assumed that the safe shearing stress on mild 
steel rivets in single shear is five tons and in double shear 
seven and a half tons per square inch, and as a Jin. rivet has 
a cross sectional area of o'6 square inch, then the safe stress 
on each rivet in the flange angles, which of course are in 
double shear, is 06 x 75 = 45 tons, and dividing the 
horizontal shear of 13 tons per foot by 4*5 we have 

'3 "^ 4' 5 = 2*88, say 3 rivets per foot, or a pitch of 
four inches. 

The rivet pitch may also be ascertained in another way; 
given as before that the maximum shear in tons divided by 
the web depth in feet gives 13 tons as the horizontal shear 
per foot run, and if 'it is required to space the rivets at four 
inches pitch or three to the foot, then divide the shear per 
foot by the number of rivets per foot, or 13 -^ 3 = 4*33 tons 
shearing stress to be taken by each rivet, and assuming 7^ 
tons as the safe stress on steel rivets in double shear then 
4*33 "^ 7*5 — o 57^ 's the cross sectional area of the required 
rivet, or Jin. diameter. 

But not only is it necessary to consider the rivet area to 
resist shearing both horizontal in the flanges and in a vertical 
sense in the web and the stifl^encrs, we must also take into 
account the bearing area of the rivets where they pass 
through the holes in the web. In the case just given we 
have 13 tons as the horizontal shear per foot run, and if it be 
assumed that the safe bearing area is 10 tons per square inch 
then 

13 tons shear -^ 10 tons per square inch = 1*3 square 
inches bearing area is required. 

It has been previously found requisite to provide three 
rivets of Jin. diameter in the foot of length, and if the thick- 
ness of the web plate is assumed to be Jin,, then we have 
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for the bearing area 5»n- x i *»"• = o'4375- In the foot of 
length there is required 1*3 square inches of bearing area, 
then 13 ^ 04375 = 2*97, or say three rivets in the foot 
length, which gives the required number of rivets as before. 
This may of course be worked out in another way. 
Assuming that three rivets per foot, each of ^in. diameter, 
are required to transmit the stress, and that it is required 
to ascertain the thickness of web plate that will take the 
bearing of the rivets upon it safely at 10 tons per square 
inch. In this case 

13 tons stress -f 3 rivets each I'm. diam. = 4-95 sq. ins. 
for each ton of stress. Dividing again, 

4*95 sq. ins. -r 10 tons stress per sq. in. t= 0*495 *n. 
as the required thickness of the web plate. 

So much for the function of the web as regards the rivet- 
ing attachment to the flanges. The next consideration is 
that of the crippling or buckling strength of the web plate, 
since it is obvious that if a flat, thin vertical plate fails under 
compression applied edgeways to the plate, it must be in the 
way of buckling it. It is of course well known that there is 
a tension in the web plate downwards from the ends towards 
the centre of the span, and compression downwards from the 
upper central portion of the girder down towards the bear- 
ings, but as to the precise function of each kind of stress as 
regards the effect upon the web plate there is very consider- 
able uncertainty. 

It is, however, known that given a girder with a thin web 
without stiffeners the tendency is to buckle the web along 
or near to the neutral axis, whilst if stiffeners are added at 
points along the girder between the flanges, then the tendency 
under failure is for the buckling to be articulated at the top 
and bottom of the stiffeners, forming diagonal lines as first 
stated. Of course there have been several formulas devised 
in order that this buckling strength may be estimated, with 
more or less accuracy, and the required thickness of metal in 
the web found to make sure against failure. 

The Rankine-Gordon formula for compression as a column, 
where /' = buckling stress, 5 = area of cross section, F 
= ultimate resistance to crushing of a short specimen, L = 
length of column, R = least radius of gyration ; is 
P ~ S = F ^ {i +(L2 ^ 36,000 i?2) } 
and this may be simplified for a rectangular section, such as 
a web plate strip, to 

P 4- 6' = F - { I + (L2 ^ 3,000 D'') ] 
in this case D being the least diameter. 

But the obvious difficulty in fixing upon the major width 
of the supposed column, and the knowledge that there are a 
very large number of old and new plate webs now doing good 
work that should have failed long ago according to the 
formula, places the theory out of court. 

In ** Engineering,'* of February 12th, 1902, Mr. Gribble 
suggests an adaptation of this formula as follows : — 
For iron webs, 

P-5 = 4^ji -h (L^ -^ 10,000 D2) j 
and for steel webs 5*5 instead of 4 as the numerator at the 
right hand. In this case P = shear, S — vertical cross 
section, L — least distance, vertical or horizontal, between 
the supports of the web, D = the thickness of the plate. 
Theodore Cooper gives his formula for web strength : 

P ^ 5 = i2,oooIbs. -^ i I ^ (U -r 3,000 D-;{ 
whilst Du Bois amends the numerator at the right hand to 



io,ooolbs., and in both cases an allowance for impact is to 
be made. This allowance is to be in the form of an additional 
percentage of load under the formula 
40 — (2 -7- 5) span. 

In this case L is the length of the columns or strip of 
web, usually assumed to be the vertical distance between the 
web riveting of the top and bottom flange angles. This, 
however, does not seem to be correct, since if the web fails 
by crippling in a diagonal direction the length should be that 
of a line in the web at 45" with the vertical depth, and not 
a vertical line, as usually assumed. 

Fitzmaurice, in his book on ** Plate Girders,** gives 3 J 
tons per square inch as the safe stress in shear on the webs 
of wrought iron plate girders, but he does not give any indica- 
tion how this figure is obtained. 

Mr. Waddell states that for mild steel webs the safe 
stress per square inch, in which provision for impact is in- 
cluded, should not exceed 2*23 tons, and also suggests as a 
percentage formula for impact 

40,000 -f- 500 + span in feet, 
which is equivalent to 67 per cent, for a span of 100 ft. 

Vertical stiffeners are to be placed at a distance along the 
girder not exceeding the depth of the girder, but this seems 
unsatisfactory in that if this is the maximum distance apart 
at the centre of the span, then the rule does not provide for 
the closer spacing of the stiffeners as the end bearings are 
reached. 

[To he Continued), 



Single-Phase Electric Traction on Railways.— III.* 

The electric locomotives for the New Haven RR. had to 
comply with unusual conditions, viz. : — They had to haul 
the local express trains, which weigh about 200 American 
tons (2,000 lbs.) and which stop about every two miles, at 
an average speed of 26 miles per hour and a maximum speed 
of 45 miles per hour; expresses of the same weight at 65 to 
70 miles an hour; expresses of 250 tons at a speed of 60 
miles per hour ; and heavier trains at a correspondingly lower 
speed, but if such heavier trains had to be hauled at a higher 
speed two or more locomotives were to be coupled together 
and operated on the multiple-unit system. These locomo- 
tives were designed by the N.Y.N.H. and H.RR. Co., the 
Westinghouse Electric and Manufacturing Co., and the 
Baldwin Locomotive Co. The latter firm built the mechani- 
cal parts, which are entirely of steel. 

The engines are 36 ft. 4 ins. over the buffers, weigh 
approximately 90 tons, and are mounted on two trucks each 
with four 62 in. driving wheels. 

The hollow shaft of the armature is constructed in two 
halves which are alike, and are each provided with an end 
disc, from which project seven hollow pins. The armature 
and quills are mounted on the locomotive axle. The arma- 
ture bearings are carried by the split housings at each end 
of the armature, and which are rigidly clamped to the outer 
field frame of the motor. The field structure is thus mechani- 
cally connected by two bearings to the armature structure, 
and this insures that the armature will remain at all times 
concentric to the field poles. 

Through the armature quill passes the axle of the loco- 

*No. I. appeared in August issue and No. II. in October. 
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motive, and on each end of the latter is mounted a driving 
wheel 62ins. diameter. Seven circular pockets are formed 
in the hub, and these contain helical springs for assisting 
in carrying the weight of the motor and for transmitting the 
torque from the armature. Into each of these pockets there 



Fig. 18. 

projects one of the hollow pins aho\ e-mentioncd, and each 
pin is surrounded by a spring placed between the outer cir- 
cumference of the pin and the inner circumference of the 
pocket. These springs are of an unusual form, and arc 
capable of sustaining the whole weight of the motor, but 
their normal use is for transmitting the torque to the drivers. 
In the hollow space of the pins is placed another spring, 
and this is for receiving the end thrust of the motor against 
the drivers. 

A steel frame is provided entirely distinct from the truck 
and pivoted from the journal boxes of each locomotive axle, 
and from this frame the weight of the motor is carried by 
springs on which rest lugs of the field structure. The result 
of this is that the swinging of the locomotive has no effect 
on the motor, and only a cushioned blow is given to the 
rails by the motor. In fact the whole motor is spring borne. 

As the New Haven trains runs over the New York Cen- 
tral lines into New York, and as these lines are equipped 
with third-rail direct-current and not overhead construction 
with alternating current, the locomotives were built so as to 
be available for either system. Special features have, there- 
fore, been necessary in the motive equipment. 

The active armature winding consists of several coils per 
slot with one turn per coil. The coils are made of form 
wound strap, and are inserted in the slots from the top. 
The field winding is of the compensated type, arranged in 
two circuits — the main field coils placed around projecting 
poles on the field core and producing the active field flux, 
and the compensating field coils placed in slots in the pro- 
jecting pole faces and serving for opposing the armature 
magnetomotive force and thus for neutralising the reactance 
of the armature. 



The compensating field coils are, at all times, electrically 
in series in the armature circuit whether the machine be 
operated by direct-current or alternating current. Two 
motors are operated as one unit, and the separate field cir- 
cuits of these motors are placed in series or in parallel as 
desired according to the current used. 
For direct-current work the two motor 
units are connected in series at starting 
and in parallel at full speed, while for 
alternating current work the two units 
are operated separately from the second- 
aries of the step-down transformers at 
variable voltage so that they are practic- 
ally joined in parallel at all times. 

During alternating current opera- 
tions each motor unit is fed at variable 
V voltage from the secondary of a step- 
down transformer, there being two 
separate and distinct transformers on 
each locomotive. The object of this ar- 
rangement was two-fold. First, to 
more conveniently dispose of the weight 
of the transformers, and, second, to 
secure increased reliab'.lity. The master 
controller is the same for either system. 
Each switch used in the motor circuits 
is of the Westinghouse **unit*' type, 
operated by air under 8olbs. pressure, 
and controlled by an electro-magnet 
which receives current from a 20 volt 
storage battery. 

The high-potential circuits pass directly from the over- 
head trolley wires through the manually operated oil switch 
to one terminal of the primary of each of the step-down trans- 
formers, the other terminals of which are effectively grounded 
to the locomotive frame. 

The motor circuits pass either from direct-current trolley. 



Fig. 19. 

third-rail shoe, or the taps on the secondaries of the trans- 
formers to the unit switches and through the motors to the 
ground. 

The locomotive may be controlled from either end by 
means of a master-controller. There are two pantagraph 
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bow trolleys for collecting the current from the ii,ooo volt 
overhead system. These are seen up in fig. 18 and down in 
fig. 19. The upward pressure against the wire is supplied by 
springs in the base of the pantagraph equipment. Com- 
pressed air is admitted to a cylinder when it is desired to 
lower the collector. 

In the centre between the two pantagraphs will be seen 
a lower one, for direct current, and between each pair of 
driving wheels there is a pair of third-rail collecting shoes. 
These arc for use on the New York Central RR., the small 
pantagraph being for those places where, owing to compli- 
cated permanent way, the third-rail cannot be fixed, and 
current has to be obtained from overhead equipment. There 
are four shoes on each side or eight in all. When the panta- 
graphs are raised for alternating current the contact shoes 
are lifted out of the way, as seen in fig. 18. 



Fig. 20. 

Fig. 20 is a view of the interior of the motorman's cab, 
on the right is the air-brake with the gauges above, on the 
left is the controller, and above it are a direct-current 
ammeter, an alternating current ammeter, a speed indicator 
and a pyrometer for indicating the temperature of the pro- 
pelling motors, and which is to guard against the air-ducts 
getting clogged. The operating handle is on the right on 
the top of the controller, and lower down is the reverse 
iever which is attached to the operating handle, and inter- 
locks it so that the reverse lever must have made all the 
control circuits dead before it can be withdrawn to allow for 
the operating handle to be taken to the controller at the other 
end of the IcKomotive. The row of eight knobs complete 
circuits from the storage battery to magnets opening or 



closing air-valves, whereby such duties are performed as rais- 
ing and lowering the pantagraphs, third-rail shoes, operating 
the Sanders and ringing the bell. Three pedals are seen on 
the floor. These are for operating the two sets of sanders 
(front and back) or ringing the bell by pressure of the foot. 

Mr. McHenry, the vice-president of the New York, New 
Haven and Hartford RR., who supplied us with the fore- 
going information, says that there are now 135 trains running 
daily between New York and Stamford, and giving every 
satisfaction. There has been introduced a decidedly novel 
feature in the overhead construction, which is a second 
parallel steel wire under the copper trolley wire which is 
flexibly supported by clips, loft. apart, to the upper copper 
wire, and the two wires are about 2ins. apart. The points 
of suspension are intermediate between the trolley hangers 
or triangles, and the securing clips are designed to engage 
with the grooves of the upper wire in such a manner as to 
prevent rotation about its axis. The advantages of this in- 
novation consist in relieving the copper wire from all wear, 
in avoiding the rigid points of support which were found to 
cause considerable trouble at high speeds, and in permitting 
tension adjustments to the anchor bridges, which are spaced 
two miles apart. It also obviates any difliculties occasioned 
by the greater rate of temperature expansion of copper as 
compared with steel, and as the steel wire has greater ten- 
sile strength and elasticity the extreme temperature ranges 
of summer and winter are all taken up safely within the 
elastic limit of the metal. 

The results have been satisfactory in the highest degree, 
and the cost of maintenance is expected to be less, as steel 
is not only much cheaper than copper, but lighter, stiffer 
and harder — all very desirable qualities in resisting wear and 
bending. 

New Zealand Qovernnnent Raiiwaye, 1907-8. 

The Minister for Railways, in his statement for the year ending 
31st .March, 190S, announced that the result of the year's opera- 
tions has been satis factor>'. The revenue maintained that buoyancy 
that has characterised it for the past 13 years, and, notwithstanding 
ihe liberality of the forecast made at the close of the previous 
financial year, the actual earnings exceeded the estimate then 
given by no less than ;£^2 11,938. The results may be summarised 
thus :— 

1908. 1907- 

Total earnings ;£"2, 76 1,938 ;£,'2, 624,600 

Total expenditure ;6i»949»759 ;£, 1*^12,482 

Net profit on working ... ;£,'8i2,i79 ;^^8i2,ii8 

The net profit is equal to a return of 3.33 per cent, on the 
capital invested in the open lines, and 3.04 per cent, on the total 
capital, ;£j'26,735,i40, invested in opened and unopened lines. 

The mileage of line open for trafl^c on the 31st March, 1908, was 
2,471 miles as against 2,456 for the previous year. The average 
number of miles operated durin*^ the year was 2,469. 

The number of train-miles run during the year was 7,051,274, 
being an increase of 295,820, which cost over j^^HitOoo. 

The total number of ordinary passengers carried was 9,756,716, 
an increase of 155,930 over the previous year. 

The coaching and goods traflic show large increases under each 
of the respective heads that the traflic is grouped, sheep, wool, 
and grain excepted. In coaching, the increases have been — 
parcels, 7,636 ; horses, 653 ; carriages, 389 ; dogs, 5,685 ; and in 
live-stock and goods traffic— cattle, 17,720 head; pigs, 10,765; 
chaff, lime, etc., 1,451 tons; firewood, 918 tons; timber, 49,057 
tons; merchandise, 45,248 tons; minerals, 184,467 tons. The 
decrease in the wool traffic is 7,568 tons, grain 31,138 tons, and 
sheep 67,901 head. The net increase in the gross tonnage was 
246,000 tons. 

The decrease in sheep traffic is due entirely to the heavy move- 
ment of sheep that took place during the previous year owin5»- to 
drought. Although, therefore, the sheep traffic for the year under 
review compared unfavourably with that for 1907, it is nevertheless 
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g^reater by some 700,000 head than the traflfic of any other year 
when normal conditions have prevailed. 

The average number of men employed during the year was 
12,338, against 10,858 the previous year, an increase of 1,480. 

llie sum of ;^5,^i8 has been paid as compensation during the 
year to members retired from the service and to relations of mem- 
bers deceased. This sum includes ;^5,364 paid under the Workers' 
Compensation for Accidents Act. 

The railway workshops of the Dominion have been kept going 
at high pressure on the construction of new rolling-stock for in- 
creasing the equipment of the existing lines and providing for the 
requirements of new lines to be opened in the near future. The 
new stock actually completed and turned out of the shops during 
the year consists of 3 tender engines four-cylinder balanced com- 
pound type, 1 single-expansion tender engine, and 6 heavy tank- 
engines ; three 60 ft. suburban cars, one 60 ft. motor-train car, and 
forty-nine 47^ ft. cars ; 18 brake-vans, 855 goods-wagons, and 2,889 
new tarpauhns. The carrying capacity of the wagon-stock was, more- 
over, increased by 9,670 tons, which is equivalent to a further 
addition of 1,612 ordinary 6-ton trucks. 2,095 "^^ steel axles 
were fitted to carriages, vans, and wagons in substitution of old 
iron axles ; greater strength and increased carr>ing capacity have 
thereby been secured. The new stock is all fitted with the VVest- 
inghouse brake and steel axles. 

Passenger revenue shows an increase of j(Ji2,^o6; season 
tickets, £Si$ig; coaching traflfic, ;£^24,963 ; goods and live-stock, 
^83,642 ; miscellaneous and rents^ ;£,'7,8o8. The receipts per train- 
mile amounted to 93. 75^., as agamst 93.00^. for the previous year. 
The earnings of the l^ke VVakatipu steamers amounted to ;fc'6,637, 
as against ;fe'6,i59 last year. 

The expenditure for the year, including ;^5,377 incurred in 
connection with the Lake Wakatipu steamers, absorbed 70.59 per 
cent, of the revenue, as against 69.06 per cent, for the previous 
year :— 

1907-8. 1906-7. 1907-8. 1906-7. 

£ £ % % 

Traffic 534.634 494.94^ «9-40 1890 

Locomotive 733.403 657.893 26.62 25.13 

Maintenance ... 638,560 613,890 23.18 23.45 

Management ... 7^,082 73*376 2.76 2.80 

1,982,679 1,840,101 71.96 70.28 

Less credit recoveries 38,297 32,701 1.39 1.25 

1,944.382 1,807,400 7057 69.03 

Lake Wakatipu steamers 5.377 5.082 0.02 0.03 

;^i.949.759 ;£;i,8i2,482 70.59 69.06 

Other particulars not given above are : — 

1907. i(;o8. 

Capital cost of opened and unopened lines ^^25,438,568 ;^26,735,i4o 

Capital cost of open lines £^23,504,272 £'24, 365,647 

Capital cost per mile of open lines ... ;6'9.57o ;69.^6i 

Earnings per average mile open £^t^7^ ;£i.»>4 

Working expenses per average mile open ;6'744 £7^^ 

Net earnings per average mile open ... ;6334 £32^ 

Earnings per train mile 93.oo<i. 93*75<'« 

Working expenses per train mile ... 64.2 id. b6.i8J. 

Net earnings per train mile 28.79J. 27. 57^. 

Passengers, ordinary 9,600,786 9,756,716 

Season tickets 165,504 1*^5.174 

Goods tonnage 4.59-2.099 4.834,534 

Live-stock tonnage 232,464 235,642 

Train mileage 6,755,454 7.^5 1. ^74 

Locomotives 398 410 

Passenger-cars 966 1,002 

Wagons and brake-vans 14.605 ^5.475 

A Railway Classification Act was submitted to and duly passed 
by Parliament during the last session. It embodies the allowances 
granted in November, 1905, to certain members of the railway 
service, and provides for improved pay to the stalT generally. 

Regulations under section 4 thereof relative to the payment of a 
minimum salary of ;6i3o to married members of the service or to 
members of the service who are widowers with children dependent 
upon them, and also relative to the payment of a minimum salary 
of ;^ioo to members who are 22 years of age or over, have been 
approved and are now being gazetted. 

Arrangements have been made by which all railway employees 
who have been employed in the railway service continuously for a 
period of five years or over, but whose status has only been that of 
casual employee, will be placed upon the permanent staff. 

Eighty-two Tyers' electric tablet train-signalling instruments 
were installed between Waihi-Paeroa, Masterton-Woodville, 
Oamaru-Pukeuri, and Mosgiel-Gore, embracing 160 miles of line. 
Extensions of the system between Marton and Mataroa, Woodville 
and Dannevirke, and Frankton and Taumarunui are in hand. 
For train-signalling on the double lines between Auckland and 



Penrose, Wellington-Lower Hutt, Heathcote-Rolleston, Sykes' 
lock and block system is being installed. 

Automatic tablet exchangers were installed at 19 stations during 
the year. 

ITie electric tablet train-signalling sjstem has been installed 
over a total of 848 miles, covering the sections — Henderson-.^uck- 
land, Onehunga-Morrinsville, Paeroa-Waihi, Longburn-New Ply- 
mouth, Te Aro-Woodville, Palmerston North-Woodville. Lyttelton- 
Heathcote, Rangiora-RoUeston, Pukeuri-Gore, Wingatui-Omakau, 
Bluflf-Winton, Slakarewa-Riverton, Westport-Granity, and Grey- 
mouth-Ngahere. The staff and ticket working is also in operation 
over 67 miles of line. 



Permanent Way.— V.* 

Sleepers. 
The sleeper forms one of the three chief constituents of 
the permanent way — the other two being the ballast aad 
the rail. The sleeper and ballast together give both rigidity 
to the rail and elasticity under the load of a moving: train. 
As the ballast carries the sleeper, so the latter carries the 
rails and distributes the weight of the rail and its load over 
a larger area, so that the ballast is not crushed or unduly 
worn down, and at the same time acts as a tie — hence the 
American appellation — to keep the two rails parallel. The 
sleeper must therefore be of such a size as to counteract any 
disturbance caused by a moving train, and yet it must be of 
such a size and weight that it can be readily purchased in 
large quantities and conveniently handled. 

The length of a sleeper is important. One that is too 
short would bend and give an outward inclination to the rails, 
while one that is too long would cause a contrary effect. 

The quality of a sleeper is a leading factor. Not only 
must it be able to carry the load, but to withstand the 
climatic conditions, such as heat, cold and moisture, which 
may be extreme in some countries, also the ravages of such 
pests as white ants and any ill-effects of the particular ballast 
that may be used, and to enable it to do this more effectively 
it is often subjected to some process or treatment before it 
is put into the road. 

The origin of the timber used varies in each country. 
Some few, as Russia, Austria, America and Australia, use 
only indigenous woods. British railways have Baltic wood 
(Pinus sylvestris — the true Scotch pine — also known as red- 
wood, Dantzig, Riga or Swedish fir). There is, by the way, 
considerable confusion over the naming of soft woods. The 
names fir and pine, owing to their likeness to each other, 
are often used indiscriminately. Whereas fir is the genus 
Abies, sub-order Abiethiecc, order Coniferce, and pine is the 
genus Pinus of the same sub-order and order. On the 
(ireat Western R. a great deal of Australian timber has 
been laid. 

In France indigenous oak and beech are used. The 
P. Lyons and M. R. and the Southern R. obtain their oak 
from Italy — also Baltic pine (Pinus laricico) and Landus 
Maritime pine (Pinus pinaster). In Belgium oak and fir are 
used, also beech to a limited extent. The sleepers on Ger- 
man railways are cut from native oak and pine, but beech is 
becoming popular there, and as, when creosoted, it gives 
good results it is likely to be more generally used, as a large 
proportion of German forests consist of beech timber, and as 
proper systems of afforestation are in vogue there Austrian 
railways have oak and beech. Russian use only indigenous 

*No. 1 appeared in ihe August issue; II. in S«rptemb.r ; III. in Oclobrr ; 
and IV. in November, 1908. 
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wood, generally pine ; oak and teak are used in Holland, and 
the indigenous common oak in Italy. 

Of the railways in India on which wood sleepers are used, 
the Bombay, Baroda and Central India R, use creosotcd Nor- 
wegian pine, the Rajputana-Malwa R. and the East Indian 
R. use deodar (Cedrtis deodara) from the Himalayas, and 
which has an essential oil peculiar to it, preservative treat- 
ment prior to laying is unnecessary. Intense heat will 
evaporate this oil and then white ants attack the wood, so it 
is shielded from the sun by covering with ballast. On these 
railways s51 (Shorea rohusta) is also used, from Nepal, and 
which is said to last 20 years without preservative. The 
Eastern Bengal R. have s^l and the North-Western R. 
deodar. 

The Australian railways use the indigenous eucalyptus 
timber — iron bark {Eucalyptus siderophlia)^ jarrah (£. mar- 
ginata) and Karri (E. drversicolor) — which do not require 
treating. 

Of the South and Central American railways much of the 
Mexican Central R. is laid with a native oak, which grows 
along the rivers, but it only lasts a short time, owing to wear 
and tear in the road. There is also a native cedar that lasts 
eight years, and chigol, which lasts 20 and does not rot at 
all. Treated timber is now being tried on the Mexican 
Central R. On the Tehuantepec R. a hard Huayacan native 
wood is laid on curves and Californian redwood on straight 
lines, and neither is treated. Creosoted Texas long-leaf pine 
and Baltic pine are also favoured. In Trinidad the in- 
digenous woods, balata {Mimusops globosa)^ black poui 
(Tecoma serratifolia) and black fiddle-wood are preferred, but 
as they arc getting scarce American yellow pine and Baltic 
redwood — both creosoted — are being used. In Jamaica only 
indigenous fiddle-wood (untreated) has been used since 1900. 
On the Buenos Ayres Western R. the indigenous 
Quebracho Colorado (untreated) is found to last better than 
Australian karri. It is very hard, stands pressure wonder- 
fully and the supply is very liberal. 

On the railways of the United States and Canada white 
oak is generally used. This wood does not rot quickly, but 
on account of its hardness it fails through decay more quickly 
than through wear. Other woods are preferred in the follow- 
ing order : — Cedar, Long-Leaf Pine, Chestnut, Hemlock and 
Tamarack. 

As sap is more liquid in spring and summer trees should 
be felled during the winter months from November to March 
in order that the sap can be the more easily removed and re- 
placed by a preservative. 

The practice differs as to cutting the timber into sleepers 
as soon as it is felled or leavtng.it to season for a while first, 
but in any event only for a few months — not more than six is 
allowed. Oak is, however, an exception to this rule occasion- 
ally ; e.^., the Northern of France specify that oak must have 
been felled two years before being cut up, and the Western 
of France from two to three years. 

Sleepers should be of a uniform thickness. Any changes 
in the thickness of sleepers in a track causes the deflection 
set up by a passing train to vary and lead to uneasy running. 
Whilst thin sleepers do not give a stable road and there is a 
want of stiffness, thick sleepers are hard to adjust and pack. 
The standard for British railways is 5 ins. thick by 10 ins. 
wide. In France sleepers are 22 or 24 cm, (8.66 ins. or 



9.45 ins.) wide and 14 or 15 cm. (5.51 ins. or 5.91 ins.) thick. 
In Belgian State R. 14 cm. (5.52 ins.) thick by 28 cm. (11 ins.) 
wide. In Germany the sleepers are 16 centimetres (6.31 ins.) 
thick, 26 cm, (9.25 ins.) wide and 2.5 metres (8 ft. 2J ins.) 
long. 

In India the standard gauge — 5 ft. 6 ins. — lines have 
sleepers 10 ins. by 5 ins., and the metre gauge lines are 8 ins. 
by 4 ins. In Australia the general size for 3 ft. 6 ins. gauge 
lines is gj ins. by 4^ ins. In New South Wales it is 5 ins. 
thick by 10 ins. for standard gauge. 

The sleeeprs of the railways of the United States and 
Canada have a general minimum width of 8 ins., but the 
larger and more enterprising companies have adopted a 
width of 9 ins. The average thickness is 7 ins., but 
some are only 6 ins. thick. In comparing this depth 
with British methods it must be remembered that the 
latter are square, but the former are half-round, and 
the dimension given is for the thickest end. The 
** recommended practice *' of the American Railway En- 
gineering and Maintenance of Way Association is that 
** except in pole-ties with rounded ends, or in half-round ties, 
** none shall be less than 8 ins. width of face, and in no tie 
** shall the thickness be less than 6 ins.*' 

The standard length for sleepers for the 4 ft. 8^ ins. gauge 
railways in this country is 9 ft. ; on French and Belgian rail- 
ways 2 m. 600 or 2 m. 650 (8.52 ft. or 8.7 ft.) ; on 5 ft. 6 ins. 
gauge lines of the Bombay, Baroda and Central India R. 9ft. ; 
on the East India R. and the Nizam's R. 9 ft. 6 ins. ; and the 
Eastern Bengal R., Madras R. (on the east coast) and the 
North-Western R. 10 ft. ; on the New South Wales and 4 ft. 
8J ins. gauge lines of Australia 10 ft. ; and on the 3 ft. 6 ins. 
gauge 7 ft. In Demerara the sleepers are 9 ft. long for the 
4 ft. 8^ ins. gauge and 8 ft. for 3 ft. 6 ins. gauge. At one 
time the latter were 6 ft. 6 ins. long, but as the land is alluvial 
the road bed is soft and longer sleepers were found to keep the 
line in better order. Most of the American and Canadian 
railways are laid with 8 ft. 6 ins. sleepers, but on a minority 
a length of 8 ft. is used. 
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Fig. 26. 



Fig. 27. 



Fig. 28. 



Fig. 29. Fig. 30. 

Figs. 26 — 30 illustrate the general shapes adopted for 
sleepers. Fig. 26 shows a tree cut up into four rectangular 
sleepers and known in America as ** quarter ties.'* It is 
generally agreed that this is the best shape. One reason for 
this, is that it resists mechanical action better. All British 
and other railways, except some of the Continental and 
American railways, use it entirely. 

Fig. 2*/ is what is known in America as a ** slab-tie," and 
may be either rectangular or half-round. Fig. 28 is an un- 
trimmed ** slab-tie.'* Fig. 29 is a ** pole-tie. * * Fig. 30 is 
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a ** half-tie. ' * The difference between a ** pole-tie *' and a 
** half-tie ** is that in the former the heart is in the top or 
bottom face and in the latter in a side face. 

Many companies prefer adzed or axe-hewn to sawn 
sleepers. All British sleepers, and practically all Indian, are 
sawn. 

In America, on the contrary, hewn sleepers are generally 
preferred, though they are not now used as much as they 
were. This is due to the greater scarcity of the small timber 
out of which the sleepers were hewn. It was the practice to 
only allow one sleeper to be made from a trunk. The objec- 
tions to sawn sleepers are that the cut cannot always be 
parallel with the fibre and the surface is not so smooth, and 
therefore allows for moisture to gather. 
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Fig. 31. 



When cut up the sleepers should be stacked so as to allow 
air, light and warmth to circulate freely amongst them. The 
bottom layer should be off the ground on iron or stone sup- 
ports. Failing these, hard creosoted wood should be used 
and this must be perfectly sound. It is most important that 
the ground on and near which the sleepers are stacked should 
be kept clean — 'free of pieces of bark, branches and leaves. 
The top layer of sleepers should be placed close together, 
with the ends on one side raised so as to act as a lean-to to 
throw off any rain or wet. 

The inspection of sleepers by the railway company's 
representative is often made when stacked in the forest. Not 
only should those be rejected that show shakes, worm-holes, 
rot and hard knots, but any whose wood is changing colour, 
such as red doatiness appearing in the hcartwood of beech 
and oak and blue doatiness in the sapwood of pine and other 
resinous woods. Such indicate that germs are at work. 
Pickling may obviate all possible ill-cfTcct, but this is doubt- 
ful. 
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Fig. 32. 

Opinions differ as to whether it be an advantage to trans- 
port sleepers by water. It is generally thought that this 
washes out the sap from the wood, so that, after being dried, 



it is the more readily impregnated when pickled. Some, how- 
ever, consider that the water softens the wood. 

On arrival at their destination the sleepers are again 
stacked in piles of from 80 to 120 sleepers until they become 
quite dry. It is a good plan to first stack them vertically, 
so that the water drains off quicker. Fig. 31 shows how 
untreated sleepers are piled on the L. and South- Western R., 
and fig. 32 the method of the Paris-Orleans R. of France. 
After being stacked for some months they arc creosoted or 
treated with some kind of preservative. 

As the subject of the preservation of sleepers was dealt 
with in the pages of The Railway Engineer under the heading 
of wooden sleepers as recently as May, 1906, July, 1906 and 
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Fig- 33. 

January, 1907, it is hardly necessary to say more now on that 
point. 

After treatment they should be once more packed ready 
for delivery and again stacked when delivered. Fig. 33 illus- 
trates how the L. and North-Wcstern stack their creosoted 
unchaired and chaired sleepers. They should be covered with 
some sand or cinders on the top. 

{^o be continued). 



The Simplon Route to Italy.— IL* 

For nearly three years the Simplon tunnel has been in 
operation, in connection with the new approach-lines at the 
southern side, and with the old Brig-Lausanne line at the 
northern side. With the forced ventilation provided in the 
tunnel, the aeration of this longest and deepest subterranean 
passage in the world proved to be admirable from the first, 
though the traffic was worked exclusively by steam loco- 
motives. The heat of the tunnel, due to the high tempera- 
ture of the rock alone, docs not appear to have been materially 
augmented by the locomotives. Nor were the smoke and 
gases from the locomotive fires sufficient to inconvenience 
the engine men in their duties, or to really disturb the most 
fastidious of passengers — who never become so very exact- 
ing as to the quality of the air which they breathe until they 
enter long tunnels. At such moments the windows and the 
ventilators are slammed up close and kept so until the 
vitiation of the air inside the carriage becomes intolerable, 
although a fast current of pure and fresh air is passing 
along the outside of the train. In the Simplon, with steam 
locomotives, it could be seen that the discomfort caused 
to passengers — especially to smokers, who smoke all the 
harder, when in tunnel, as an antidote to the ** poisonous " 
air outside — was due to their absolute ignorance of the 
splendid ventilation of the tunnel. As a matter of fact, it was 
only for a few short minutes when entering the tunnel at 
the southern end — when the gradient is steepest — that the 

*No. I. of this article appeared in March, 1906. 
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fumes from the engine fire were noticeable, while throughout 
the greater length of the tunnel the ventilation was far 
superior to that of short unventilated tunnels with steam 
traction, or of some underground railways with electric 
traction. The heat of the Simplon tunnel has nothing to do 
with the form of traction employed, although popular notion, 
accompanied by self-imposed scmi-asphixiation has done 
much to show the contrary. Another very curious fact 
to be noted was that the passengers (Italians and Swiss) 
who closed themselves up hemetically-tight in the carriages 
— because they were aware that it was a steam locomotive 
on the train in front — really appeared to suffer from a tem- 
perature which, at the most, never reached that which 
English folk insist upon as being only just ** right *' for an 
English summer. The crowning task, rendered imperative 
by the boring of the Simplon, is the construction of the tunnel 
under the Loetschberg, in the Bernese Alps, and of the new 
lines in connection join Brig direct with Bern, and thence, 
by the French Eastern Railways, with the northern rivicra 
of France — Dunkirk, Calais, Boulogne, etc., so establishing 
a more rapid connection between England and the Mediter- 
ranean and .Adriatic littorals. In view of the wholly different 
system of work in the Loetschberg it may be interesting to 
record in a succinct and chronological manner all the prin- 
cipal events of the construction of the more fortunate Simplon 
Tunnel, 

1898. 
Aug, I.— Excavating the alij^nmcnt gallery at north end, Brig, 
commenced. Aug. lo.— Operations for excavating main gallery, 
north end, commenced. 

Aug. 16 — .Mignmenl gallery (No. 2) at Isclle commenced 
Sept. 24. — Main gallery at l.selle (south end) commenced. 
Oct. 8.— North end, curved main gallery met straight align- 
ment gallery. 

Oct. 11. -vSouth end, main gallery met alignment gallery. 
North end, much water from 85 ih. to 179m. 

Nov. 21.-- Hand excavation ceased at north end, and machine 
boring begun, at 60m. Nature of rock : Argillaceous crystalline 
schists with quartz pebbles (mud at 318m.). 

Dec. 21.— Machine boring begun at south end. 
Dec. 31. — Total advance, north end, ^t^^ metres (explosive, 
dynamite), and at south end 76 metres (explo-ive, powder). Nature 
of rock : .Antigorio gneiss. 

1899. 
Feb. 18. — Two Brandt rock borers started in No. 2 heading 
of north end. 

Mar. 15.— Three new-type Brandt borers started in No. 2 
heading. 

i4/»i.— Liquified air tested as explosive, north end (rock as 
before described). 

iltt^.— Steam plant supplanted by water turbines at north end. 
Nov. 15. — Collapse of portion of No. i transverse gallery at 
north end. Argillaceous schiblic limestone becomes micaceous 
from kiloni. 2 to kilom. 3. 

Nov. 29.— Death of A. Brandt, manager at north end. Col. 
E. Locher succeeded him. 

Dec. 31. — Total advance : 2,300^;. from north end, and i,566t?i. 
from south end. Rocks. — North end : Crystalline schists, dola- 
mitic limestones, and anhydrite ; south end : Antigorio gneiss. 

1900. 
Mar. I. — North end. Miners carried to headinj^s in trains. 
Jun. I.— North end. Natural ventilation by shafts superseded 
by temporary steam plant. 

Jun. 25. — North end. All workers in tunnel carried by trains. 
Tmibering necessary between klms. 3*33 and 375. Rock friable 
(silicious and grey micaceous limestone). 

]uu. 3 South end. Power pipe line burst : recourse to steam 
plant. 

Jul. 10.— South end. Temporary ventilating plant superseded 
by the permanent ventilating station. 

Aug. 27.— South end. Mud in power pipe line (due to heavy 
rains) causes ce>sation of high pressure service to rock borers. 
.South end. Timbering very g^enerally necessary. Antij^forio 
gneiss becomes softer and less compact, broken and mixed with 
schistic and micaceous veins. 

Sepl.—^iorth end. Small springs more frequent. Rock 
seamed and broken. 

Nov. 29.— South end. Power supply interrupted for a week 
by bursting of power main ; steam used. 



Dec —South end. The fissures in antigorio gneiss contain a 
pasty unctuous matter (kilom. 3036 to 3*100). 

Dec. 31.— Total advance: North end, 4,119m.; south end, 

3.i4S»». 

1901. 
/•et.— Hydraulic power mam trom Diveria river burst at two 
points. For 23 days all services worked by the provisional steam 
plant. 

Mar. 18.— North end. The definite ventilating plant com- 
menced work. 

i4/>/.— South end. Up to kilom. 3820 water springs only 
aggregate 5 litres per second. A fissured black mica schist 
reached, between 3*891 and 3*893, with a heavy inburst of water 
of 160 litres per second, and up to beginning of July the rock 
was saturated. 

Jun. 13 to 21. — Strike of masons and miners at south end, 
and at north end on June 24. 

Jul. to Sept. — North end. Rock : mica-schist and gneiss of 
the Monte Leone — occasionally granatiferous (garnet-bearing). 

i4M^.— South end. Temperature of water at rock outlet is 
18° and 19*^ C At kilom. 4*325 the antigorio gneiss replaced by 
saccharoid and schistic limestones, and between the two on 
Sep. 30 there was water, 100 litres per second; temperature, 
17^ C. 

Off.— Work suspended. Endeavoured to advance by means 
of crown drifts. 

Nov, — South end. Advance during month only 29 metres. 
Rock : Micaceous crystalline limestone (cipolin) ; after kilom. 
4*420 : decomposed micaceous schists (carbonate of lime, white 
mica and clay). Excavation alternately by machine and hand. 

Dec. — South end. Monthly progress only 2 metres. Heavy 
pressure broke the strongest timberings. I'otal advance, 4,428 
metres from south and 6,335 metres from north. Temperature 
of rock in headings, 39"^ C. ; of spring water, 35 to 36^ C. ; and 
of air at heading face, 31° C. 

1902. 
Jan. — South end. .Seven iron frames erected in place of wood 
to resist pressure. Length supported by these, after month's 
work, 2*So metres. Headings not advanced. 

Feb. — All timbers in the length of soft sandy mud replaced 
by rolled iron I sections built into frames, 2*8m. x 2*5m., and 
continued up to face of heading. Headings not advanced. 

iUar.— Driving by scraping into the wet material by means 
of short drifts, every inch being shored as soon as possible. 
Monthly advance, 15 metres; total, kilom. 4,443. Rock is veined 
with quartzite, and firmer. 

A/ar.— North end. Total advance, 6,880 metres. Rock : Com- 
pact dry schistic gneiss of Monte Leone. 

Apl. — South end. Monthly advance, 14 metres (to kilom. 
4457). Water influx continued from kilom. 3*85 to kilom. 4*4 
The difllcult section of wet slate clay continued from kilom. 
4* 1 18 to kilom. 446. Iron frames, with spaces filled with con- 
crete, employed wherever the pressure was great. 

May 20. — Machine boring recommenced at south face, and 
heading advanced 68 metres (to kilom. 4*548). 

Jun- 7. — South end. Machine boring recommenced in No. 2 
heading. Rock : Anhydrite, very friable in the fingers, and the 
record for monthly advance made = 7*931)1. per day. Accident 
in the enlargement section, a miss-fire cartridge being struck. 
.Several workmen injured and killed.* 

Jul. — South end. Dolomitic /one ended at kilom. 4*940, and 
succeeded by crystalline schists stratified with crystalline lime- 
stone veined with calcite and quartz up to kilom. 5*327, where 
schistic gneiss commences. 

Aug. — North end. Rock temperature rose from 42" C. in the 
second quarter of year to 48° C. in third quarter. Ice making, 
for the trains of ice and other refrigerating installations in 
tunnel, commenced at Brig. (General temperature of air in head- 
ings reduced from 31° to 30° C, ami, in the fourth quarter, to 
286° C. Numerous refrigerating sj-rays of cold water were 
introduced into the tunnel by means of a special .Sulzer centri- 
fugal pump, and in the fourth quarter a second pump was laid 
down ; the two furnishing 55 litres of water per second. 

Sept. — South end. The great cold springs at kilom. 4*4 
diminished to 200 litres per second. Kilometric advance, 5*327. 

Nov. — North end. Decomposed mica schists necessitated heavy 
timberings. 

Der.— South end. The horizontal stratification of rock 

(schistic gneiss) lessened the blasting effect of dynamite, and 

the number of rock borers were increased from 3 to 4 at each 

heading face, and the number of blast holes from 11 to 16. 

Dec. 31.— South end. Total advance, 5,860 metres. Tem- 

*Tbe writer tras in tonnel at time of ezplo^oD. 
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perature of rock at heading, 31° C. ; of springs, 34" C. ; and of 
air, 30° C. North side : Total advance, 8,470 metres. Rock : 
Mica schists of granatiferous character, necessitating heavy tim- 
berings. Rock temperature, 53^ to 54° C. 

1903. 

Jan, — South end. Pebbly gneiss continues — kilom. 5*326 to 
6830. 

Jul, 22. — North end. Highest point in tunnel line reached. 

/14/. — South end. Zone of micaceous limestones and micaceous 
schists entered— kiloms. 6830 to 7750, and the first hot spring 
(20 litres per second) on that side met at kilom. 6944. Lowest 
air temperature at heading, 27" C, outside air being i&b"^ C 

Aug, — North end. At kilom. 9*950, at termination of dolo- 
milic limestone and beginning of crystalline micaceous limestone, 
springs of 52° C. were tapped. Rock temperature, 52-' C Air 
at heading, minimum temperature, 26*7^ C, with air outside 
tunnel, 17*5° C. Two centrifugal pumps working in series at 
27J atm. and 875 revs, per mmute furnish 48 litres of refri- 
gerating water per second to No. i heading. Heat extracted, 
3,092,000 calories per hour. 

Oct. — Work frequently interrupted by hot springs at north 
end. Heavy plant installed for dealing with the high tempera- 
ture and pumping out water on down grade. 

Nov. 22 — Heavy inrushes of hot water stop work at north 
end (kilom. 10*144) during the month following. 

Dec— South end. Advance. 7,752 metres. Rock : Crystalline 
calcariferous schists. Fairly dry. Rock temperature, 38*6" C ; 
air, 26° to 27° C. 

1904. 

/an.— North end. Pumping out water in No. 1 tunnel while 
boring in No. 2. 

Mar. 20.— Work recommenced in Tunnel No. 1 (north) with 
rock borer. Rock : Crystalline limestone, silicious and much 
broken. 

May 18.— North end. Tapped a hot spring of 35 litres per 
second, which caused stoppage of mining, as the water power 
for pumping and refrigeration was working to its full capacity. 

May 28.— A landslip near the intake of the hydraulic station 
interrupted working of ventilators and pumps. Hasty abandon- 
ment of the headings and closing of iron doors across tunnel. 
North end headings remain closed up until tapped by the work- 
ings from the south. 

/mw.— Workings from south continued. Advance, 8.720 metres. 
Rock temperature, 39^ C ; air at headings, 27*8'' (min.), outside 
being 14*5°. Rock : Granatiferous mica schist (with garnets). 
Maximum summer flow of infiltrations, 1,153 litres per second. 

i4M^.— Rock heat at headings, 42*5^ C. 

Sept. 6.— Heading crown caves in with an irruption of hot 
water, 70 litres per second, at 45° C. Kilom. 9* no. 

Oct.— No advance in tunnel No. i. Installation of plant to 
deal with heat. 

JVov.— Still at kilom. 9-110. Water inflow increased to 90 
litres per second. North end : Works finished for cross-over roads 
at station in mid-tunnel. Bridge completed over Saltina at Brig, 
as also locomotive sheds in reinforced concrete to south of Brig 
station. 

Dec. 19.— South end. Avoiding hot springs by advance through 
No. 2 tunnel, and by transverse gallery at kiioms. 9*126—9*140 
into No. I again, where, on the 19th. machine boring was con- 
tinued northwards. Total advance, kilom. 9*162. 

Dec— Only 192 metres separated the headings. Rock : Cry- 
stalline schistic limestone; veins of quartz and calcite. Rock 
temperature in headrng, 45° C. ; air temperature, 306'' C. ; out- 
side temperature, 5° C. 

1905. 

Jan. —By hand excavation and boring, 83 metres of advance. 

Feb. 24.— South heading meets at 9354 (S.) or 10376 (N.) the 
north heading, at 7.20 a.m. Water imprisoned between the rock 
diaphragm and safety gates, closing north end, passes off to the 
south end safely. 

/m/.— Meeting of advance headings of No. 2 tunnel. Water 
at 47° C. rendered this last work very difficult. 

Sept. 15.— Enlargement of tunnel 'to full section at south end 
completed. 

Sept. 28.— Enlargement of tunnel to full section at north end 
cotnpleted. 

Off— Masonry lining completed at north end on the 13th and 
at south end on the i8th. 

Dec. 19.— Federal Government signs contract for a conditional 
application of electric traction in tunnel. 

1906. 

Jan. 25.— Line's standard gauge laid in tunnel. Fiist train 
passes through the tunnel. 

Feb. 20. -Railway in tunnel, with full equipment, completed. 



May 19. — Inauguration of tunnel. 

Jun. I. — Tunnel open for regular traffic. 

Jul. — Tunnel worked by steam locomotives exclusively. 

Jul. 19.— The Federal Council approved the financial plan for 
the line and the works of the Loetschberg tunnel— so important 
for the eventual success of the Simplon route to Italy. 

Aug. I.— Electric traction substituted for steam-traction in the 
tunnel. 

Sept. 22.— New station approach lines completed. 

Sept. 25.— The monument celebrating the work of the Simplon 
route inaugurated at Arona (l^go di Maggiore). 

The principal constructive feature of the boring of the 
Simplon tunnel was the secondary gallery, or tunnel No. 2, 
without which it is very doubtful if, having regard to the 
diflliculties actually encountered, the work would have ever- 
been brought to a successful termination. By reason of its 
low level the difficulty of the boring itself was greater, but 
the low level of the tunnel enabled the constructors to com- 
mand a greater volume and head of water for motive power 
than is usually possible with mountain tunnels at high level. 
The low level also enabled the gradients to be easier than 
those of any other mountain main line railway in Europe. 

Despite the various hindrances which occurred during the 
boring of the Simplon the progress effected by the machines 
was comparable with that of the Arlberg high-level tunnel 
in which the dilliculties were much less. Comparing: the 
boring of four great mountain tunnels, we find as follows : — 

Advance Daily advance 

Height of Length between Area per month, by machines, 

portals above ends of align- of tunnel total of two to'aloftwo 

sea level. ment gallpries. headings, headings, headings. 

Metres. Metres. Sq. m. Metres. Metres. 
Mont Cents — 

North 1,203 12,233 8 77 3.30 

South 1,333 — 7 — _ 
Gothard— 

North 1,109 I4i9(2 6 40 mean 167 6.00 

South 1,145 — — — — 
Arlberg— 

East 1,303 10,260 6.90 252 8.85 

West i,ai7 _ — _ _ 
Simplon— 

North 686 I9f729 — — — 

South 634 — 6,03 2$2 1063 

From the foregoing it will be apparent that the progress 
made in the Simplon was largely attributable to the rock 
borer employed. Other improvements in equipment and pro- 
cesses also contributed, as will be best shown in tabulated 
form, as follows : — 

Duration of Type of rock- Exploiive Rock % 
work in drill and used per lineal 

advance number at metre of 

headings. each ftice. advance. 

Mont schistic limestone 77 

Cenis 13 ys. 2 ms. Sommeiller picric powder, gneiss 17 

compressed air, 41 kgs. av. limestone 3 

7 to 12. quartzites 3 

Gothard 7 ys. 5 m;. compressed air dynamite, micaceous gneiss 50 

2 days. drills, 20 kgs. av. finsterar, horn, 

many types, granitoid 14 

including gneiss, mica- 

Fcrroux (noith schist and 

side) and cipolin 16 

MacKean-Seguin, granatoids and 

5 (south side). calcareous 20 

Arlberg 3 ys. 4 ms. Ferroux, 6 dynamite, mica-schists, 

2 days. to 8 on East, 18 kgs. av. qnartaites, 

and Brandt granatoids, 

hydraulic, 2 caldtes, &c 

to 4 on West. 

Simplon 6 ys. 6 ms. Brandt, new gelatine, calca-schists 36 

17 days. type, dynamite, gneiss 54 

3 on North, 262 kgs. mica^schists 10 
3 to 4 on South. 

From the above it is evident that the Simplon represented 
unusually heavy boring work to which the Brandt rock borer 
was appropriately suited — more so than at the west side of 
the Arlberg, where the rock was less solid than on the cast 
side. This explains also the relatively large quantity of 
dynamite also consumed. More power was also necessary — 
not for the relative force actually developed at the cutting 
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points of the borers or per square inch of material removed 
m the bore holes, but for the greater resistance offered by 
the rock excavated. The long* period of heat at the north 
side of the Simplon also absorbed a very large part of the 
power for refrigeration until, finally, with the additional 
power required for pumping out the water (while on the 
southward down grade) which had been pumped in for 
refrigeration purposes — added also to that due to natural 
inflows — the work was brought to an end, not only for want 
of power, but for want of room in the tunnel to pass the 
water in and out, if additional power had then been provided. 
The smallncss of the Simplon tunnel advance headings, while 
economical and facilitating rapid construction, ultimately 
proved to be embarrassing for the transport services. 

The following table shows for comparison the nominal 
power, etc., provided for various similar undertakings : — 
Temperatttre Water inflow Total cost of 

N.H.P. of rode. per sec. per lineal metre. 

Mont Cenis— Maximum. 

SoJlh ^ } ^°-^ 'M8*"»- ^»~ 

Gotbard — 

^ llto } 3o».SC 76 S6 galls. £^io 

Arlberg — 

^ J Aver. 700 18^.50 4-i8 galls. £i%6 

Estimated cost 
Simplon— of compledng 

North Av. 2300 54^*C 44 galls. two tunnels. 

South Av. 20CO 47^.C 2537 galls. £220 

Maximum^ 283*8 galls. Sept. 30, '05. 

As a financial undertaking the superiority of the twin 
tunnel system has already been mentioned (see Railway 
Engineer ^ p. 78; March, 1906). The price mentioned above 
for the Simplon includes the enlargement of No. 2 tunnel to 
full section, as No. 1, and completely finished with one track. 

The system of advancing by crown drifts was adopted 
at both faces and subsequently abandoned for the ordinary 
system of advancing along the base line of tunnel, and then, 
at once, enlarging outwards and upwards to full section. The 
principal engineers at both ends gave the writer strong 
reasons in support of the latter method wherever possible, 
and especially where good ventilation to cope with heat is 
required. Some crown drift sections — always insufficiently 
ventilated — often lagged behind, the result being that the 
incompleted section formed an obstruction against the free 
ventilation of the workings. 

The most difficult constructive work in the whole tunnel 
was the building of the great arch ring in that portion of the 
tunnel which was driven with the aid of heavy iron frames. 
This remarkable work, which elicited the admiration of 
experts from all parts of the world, will be found partially 
illustrated in this article. The incalculable pressure in this 
portion of the tunnel, due to the decomposed mica-schist — 
which rapidly worked into black mud when trampled under- 
foot — caused the iron frames to buckle, bend and tear like 
pieces of tin plate. They resisted better when concrete 
fillings were employed instead of oak; the frames then became 
an iron-reinforced concrete wall. 

For any future work through similar rock the experience 
thus gained suggests to the adoption of rolled iron rings made 
in two pieces to be bolted together and filled up with concrete. 
The lessons to be learnt from the construction of this part of 
the tunnel are of more interest than the study of the con- 
struction in any other portion. 

From the mechanical point of view the installation of 
machinery made use of in the north headings between kiloms. 
i2'553 and 12*5^1 was the most remarkable. Such a plant 
operating under such extreme local difficulties, so far re- 
moved from the source of power and in such confined quarters, 
was unique in tunnel engineering. The whole conception, 
having regard to the traffic arrangements in such a confined 
space, impresses one by reason oif its advanced engineering 
skill. This plant was worked to its extreme capacity but 
reached a point beyond which nothing further could avail. 
The principal factors were : — 



1. Pumping out the hot water which, on the downward 
incline to Iselle, flowed into the headings and tended to 
swamp the bore holes for the dynamite. 

2. Cooling the air by cold water sprays, the drainage of 
which flowed towards the portals. 

3. Hydraulic power for all the turbines, pumps, ejectors, 
rock borers, etc., most of which water was discharged on 
the same downward gradients to the portals. 

4. Pumping out this water. 

5. Driving air forward from tunnel No. 2 into the main 
heading No. i, and keeping the ventilating pipe cool by cir- 
culating cold water in jackets round it or injecting cold water 
sprays into the pipe. 

6. Insulating the cooling water pipes by a jacket of broken 
charcoal to keep water cool in its passage through the warm 
air. 

7. Covering the large drainage pipes with wooden lagging 
to prevent their heating the air in their passage through the 
tunnel back to the portal at Brig. 

8. Closing in all the hot springs by several thicknesses of 
planks to prevent radiation of heat near headings. 

9. Provision of cold water to throw on to the inbursts and 
so reduce their temperature at the entry into the workings. 

All these pipes left but little room for the passage of the 
spoil and material trains which were hauled by air-worked 
locomotives. Accidents were inevitable although remarkably 
low considering the conditions — the difficulty of seeing 
through the fog caused by the condensation of the hot vapors 
on the cold water sprays and laden with the sulphurous fumes 
from the dynamite explosions. The only light in the headings 
was that given by the miners* oil lamps. Here it may be re- 
marked that in the Simplon tunnel work electricity in any 
form was strictly and rigidly excluded. Although largely 
employed for illumination outside the tunnel, its use in the 
tunnel itself was considered to be unreliable (** capricious," 
to use an Italian expression) and potent in danger. Even in 
the traction of spoil trains outside the tunnel at the southern 
end (Mediterranean Railways of Italy) its unreliability for 
rough work was to be seen daily in its substitution by steam 
locomotives, upon a line having electric transmission and 
using water as the prime mover. 

The Simplon enterprise was admirably organised. The 
sanitary arrangements in the tunnel were modern, and the 
strictest discipline was enforced in all hygienic matters. Pure 
drinking water was provided, and any contamination was 
guarded against. In the Gothard boring the arrangements were 
deplorable in this respect, and hundreds fell victims to a 
terrible anemia provoked by an intestinal parasite, the duodenal 
ancilostoma^ which malady was unknown in the Simplon 
where, however, a much-dreaded trouble (at the south side) 
was a sort of blood-poisoning, due to long contact of the 
limbs with the flood water in which the fumes of the dynamite 
had been condensed. This water often covered the floor to a 
considerable depth until drains could be made deep enough 
to lead it into No. 2 tunnel. 

(To be continued,) 



Ballast Wagons and Spreading Plough-Vans for 
Metre Gauge Railways. 

The annexed drawings and views illustrate a large number 
of hopper ballast wagons and the underframes and spreading 
ploughs for plough-vans, which have been constructed to 
the requirements of Messrs. Rendel and Robertson, of West- 
minster, by the Leeds Forge Co., Ltd., for the Assam- 
Bengal and the Burma railways. Similar vehicles are of 
course suitable for other than metre gauge railways. 

It will be noticed that the hopper wagons are of a similar 
type to the ballast wagon, fig. 20, illustrated on p. 368 of 
our last issue, with the exception that the gear for operating 
the doors is on Jepson*s patent and consists of two toggle 
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joints, worked from 
either side of the 
wagon by means of a 
worm and wheel, and 
which are straig^htened 
when the doors are 
closed, and thus auto- 
matically lock them- 
selves. This gear has 
been largely used on 
hopper wagons of all 
sizes, and has the great 
advantage of being 
absolutely safe to the 
men working it, as the 
doors can be opened to 
any intermediate posi- 
tion without the least 
jerk, and are held there 
automatically by the 
gear, and the doors 
may be further oper- 
ated from either side, 
irrespective of the side 
from which the last 
operation was made. 

The worm is 
mounted on a cross 
shaft at one end of the 
wagon, and the fixed 
centres of the toggles 
on longitudinal shafts 
carried in brackets 
riveted to the under- 
frame. 

The construction of 
the wagon is clearly 
shown on the drawing. 
The hopper sides are of 
steel plates ^in. thick, 
stiffened with angles 
2iin. by 2 Jin. by |in., 
and T*s 4in. by ajin. 
by |in., fastened by 
the Jin. rivets about 
4in. pitch. Round the 
top is a steel angle 
ijin. by ijin. by -fj^in,, 
riveted with |in. rivets 
pitched about 3fin. To 
prevent the hopper 
bulging there are two 
Jin. tie bolts, which are 
put through tubes 
which protect the bolts 
and stay the inside. The 
bottom door is 7ft. 
3i^in. long clear carried 
on four hinges. The 
ends of the apex of the 
hopper are Jin. thick, 
stayed by pressed 
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Hopper Ballast Wagon ; Burma Railways. 



steel flanged plates to the cross bearers, which arc 
also of pressed steel plates fin. thick and 7'Jin. deep, 
with 3in. top and sin. bottom flanges. The ends of 
these cross-bearers are riveted to the sole bars (which are 
channels 7s in. by 3 in. by fin.) and to the hcadstocks by 
short longitudinals yi'in. by 2iin. by fin. The headstocks, 
which are i7in. deep in the middle to carry the central buffer 
Norwegian hook-coupling, are of Ain. plate flanged all 
round as shown to connect with all the adjoining members, 
with only two angle pieces. The! ends of the underframe 
are covered on the top with Ain. plate, fastened with fin. 
rivets. The sides and ends of the hopper are supported from 
the underframe by flanged Ain. plate brackets. The wedg- 



ing strain due to the load is taken off the sole-bars by two 
through bolts, stayed with tubes, as shown on the drawing. 

The top of the hopper is 14ft. ojin. long by 6ft. 6|in. 
wide inside and the height from the rails (unloaded) 6ft. 2in. 

The wheels arc 2ft. 4in. diam. on the tread, the? axle 
journals 7in. by 3Sin., and the wheel-base 8ft. 

The length over the headstocks is 14ft., and over the 
buffers 17ft. loin. 

Underframes for Spreading Plough Van. 

This underframe is of very simple construction, no 
diagonal members being required, the corners being tied 
only by the wide? flanges of the pressed Ain. plate headstocks. 
The sole-bars are steel channels 7|in. by 3jin. by Jin., but 



Underframe for Plough Van ; Assam-Bengal Railway. 
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Section A. 6. 



Section A.B. (looking in direction of arrow). 

Underframe for Plough Van ; Assam-Bengal Railway. 



End View. 



otherwise all the members are Ain. plates flanged to 75in. by 
2jin. by the lengths given on the' drawing. 

The plough is of the usual construction. Its vertical 
travel is guided by a pin at the back of the apex bolted to the 
middle^ longitudinals of the underframe and by strong 
brackets bolted to the sole-bars, and which thrust the plough 
forward. The plough itself is stiffened at the back by flanged 
plates, to which are attached the lifting links. 1 he main 
lifting and lowering screw is worked by the hand-wheel and 
spur and bevel gear, but there are two auxiliary lifting 
screws by which the weight of the plough is taken off^ the 



main screw and is drawn hard against the underframe^ when 
the van is travelling or not in use. There are also two sus- 
pending links at the back end of the plough, drilled and 
fitted with pins. All the wheels have brake blocks worked 
from the standard in the usual way. 

The bodies for these vans were built in India. 



New South Wales Government Railways, 1907-8. 

The Chief Commissioner, Mr. T. R. Johnson, in his annual Report 
to the N.S.W. Parliament upon the working of the railways and 
tramways during ihe year ended 30th June, 1908, states that the 
net result was : — 



Digitized by 



Google 



December, 1908. 



The Railway Engineer. 



405 



Sydney, 27th July, 1908. 
To the Honorable the Minister for Railways. 

Sir, — In accordance with the provisions of section 44 of the 
Government Railways Act of 1901, as amended by the R>iilway 
Commissioners Appointment Act, 1906, I have the honour to 
submit, for the information of Parliament, my Report upon the 
workinjj of the Railways and Tramways for the year ended June 
30th, 1908. 

The results of the working of the railways and tramways, com- 
pared with the previous year, are as follows : — 

Railways. Tramways. Total. 

Earnings .., ... ;^4,944,i34 ;^ 1,0 11,994 £s*9S^»^2S 

Working expenses ... ^[2,714,839 ^^809,065 ;6*3»523»9«4 

Balance jC2f22^f2gs £202,<)2g ;£J'2,432,224 

Interest on capital ... ;6'i.649.3^ ^*>34»504 j6^i.7^3»^68 

Surplus <JS79*93^ ^'68,425 ^^648,356 

The surplus for the year 1906-7 was ;^659,9i6. 

The number of miles of line open on the 30th June last was 
3,4724. About 19 miles were opened for traffic during the year, 
about 185 J were under construction, and 391 authorised for con- 
s'truction. 

The expenditure charged to capital account during the year 
amounted to ;£»983,254, making the total capital expenditure on 
lines open for traffic on the 3otn June, 1908, ^(^45,683, 484. 

Although reductions in rates and fares operated throughout the 
year to the extent of about ;^2 14,000, the total earnings amounted 
^o ;£^4«944»*34» ^s compared with ;64»7^»4o6 for the previous year, 
being an improvement of ;£j*234,728, or 4.98 per cent. 

Owing to the large increase in the number of passengers and 
the tonnage of goods, minerals, and live stock traffic, the train 
miles show an increase of 1,301,984 miles. 

After meeting the additional expenditure required to work a 
larger traffic, to make good the reduction in rates and fares, 
making liberal provision for the general upkeep of the property, 
and providing a sum of ;628,277 towards writing off the capital 
cost of works demolished at the old Redfern Station, and the Sod- 
walls deviation, the total working expenses amounted to 
^2,714,839, as compared with ;£j2, 499,741 for the previous year, an 
mcrcase of ;62>5i098. 

The percentage of working expenses to earnings is 54.91 per 
cent, as compared with 53.08 per cent, last year. 

The net result, after providing for all working expenses and 
;£i. 649.364 interest on the capital invested, is a surplus of ;^579,93i 
as compared with a surplus of ;66io,955 last year. 

Additional safety appliances and improvements have been made 
at various places, and every reasonable precaution has been taken 
to insure safe working, but much requires to be done in the inter- 
locking of points and signals at many of the larger stations, and 
provision is being made to proceed with these improvements within 
the current financial year. In this connection, it may be stated 
that during the past seven years, 258,620,836 passengers have been 
carried, and only one member of the travelling public was fatally 
injured owing to accidents to passenger trains. 

The large rcnluctions in rates and fares made prior to July, 1907, 
and subsequently, operjited throughout the past year to the extent 
of about ;6<74»ooOi and further reductions amounting to about 
;£r4o,ooo were made in the carriage of starving stock. 

The volume of traffic continues to show remarkable develop- 
ment. For the past year, passengers increased 6,073,946; and 
goods, mineral, and live stock, 1,381,557 tons; and during the past 
five years passenger traffic increased 47 per cent., and goods tan- 
nage 54 per cent. 

It has been difficult to keep pace with this rapid expansion satis- 
factorily. The want of additional rolling stock, accommodation, 
and appliances generally has been severely felt. Additional rolling 
stock is daily coming forward; but, in the interests of economy, 
further supplies are necessary. The duplication of several sections 
of the line, where the traffic has outgrown single line working, 
additional sidings, station accommodation, and other facilities, are 
also urgently required. 

Good progress has been made in necessar)' renewals, 590 miles 
of line were wholly or partially renewed, viz., 243! miles completely 
or partially relaid, resleepered or re-railed, 68 miles strengthened 
by hea\7 angle fishplates at the joints, and 278 miles partially re- 
ballasted; 76,069 cubic yards of ballast or other hardstone were 
used for lifting and ballasting, and 31,888 cubic yards of sand and 
ballast to strengthen several of the light pioneer lines. Many of 
the smaller timber structures of bridges have been renewed in 
brick and steel, 211 miles 18 chains of fences have also been 
renewed, and in no previous year has the expenditure on the main- 
tenance of buildings been so heavy— a very large number having 
been repainted and put in first-class order. 



Results of the Working, 

Expended on construction and equipment ... ;^45i683,484t 

Cost per mile open for traffic £^3*^S^ 

Total miles open for traffic 3»47^i 

Average miles open for the year 3»468| 

Earnings ;^4,944,i34 

Working expenses ;£3 2,7i4,839 

Balance ;£,'2, 229,295 

Profit on capital invested, per cent jC^ lys. yd. 

Working expenses to earnings, per cent. ... 54*9i 

Earnings per average mile open ;^i,425 

Working expenses per average mile open ... ;^782 

Profit per average mile open £^3 

Earnings per train mile 6*. ii\d. 

Working expenses per train mile 35. gid. 

Profit per train mile (after paying working 

expenses) 3s. i^d. 

Number of passenger journeys 47*487,030 

Goods tonnage 9,719,840 

Live-stock tonnage 455t549 

Train mileage 14,251,052 

t ;^5i 1,210 of this sum was paid from the Consolidated Revenue, 

and no interest is payable thereon. 

Summary of Ton Mileage for the Year, 

Earninn 
Total 



Description of 
traffic. 

Coal, Coke. ko. ... 
Other Minerals ... 

Crude Ores 

Mifloellaneoas 

l^irewood 

Fmit 

Grain, Ac. "Up"... 
Hajr, Straw, kc. ... 
Frosen Meat 
General (track load«) 

A. Class 

B. Claas 

C. CUss 

1st Class 

9nd Class 

8rd aass 

Wool Class 

Live Stock 



Total 
carried. 
Tons. 
6,4!«,694 
8fi6,64S 
117.271 
419,666 
376,786 

44.037 
800.384 
192,419 
7.636 
1,831 
403.734 
2604)90 

23.966 
1(9.441 

91,886 

46.910 
126.881 
465,649 



Miles ex. 

per ton. tenninsls. 



162.007.989 

18,166.863 

10.871.640 

31.366,290 

7. 190314 

4.343.411 

67,656,806 

86,037.963 

491.008 

632.969 

61,933,618 

38,803.866 

1,319,376 

15,122.8U 

16,618.465 

7,061.113 

86.382,214 

133,018,619 



Arer. 

23*44 

60-91 

92-71 

74-76 

2307 

98-61 

22190 

187-39 

6471 

817-60 

10616 

114-75 

60-90 

18818 

179-77 

150-60 

286-68 

380-79 



£. 

384.460 

63.703 

23,881. 

06,090 

28,86» 

16.019 

100.848 

67,602 

2.064 

6.866 

218.393 

201,711 

10,266 

101.801 

869.006 

143.606 

296.441 

610,471 



Per 

ton 

mile. 

d. 

-68 

•78 

-68 

-74 

•78 

-88 

-36 

•88 

1-00 

2-60 

1-Ul 

1-71 

202 

3-08 

8*01 

4 81 

108 

•08 



class to 
total. 

Vo 

66*10 

3 61 

1-20 

4-28 

2-81 

•46 

8-06 

1-06 

•06 

-02 

6*04 

2*66 

•34 

1^12 

•03 

•48 

1-20 

4-66 



Total 0,804.014 617,612,814 6300 2,607,960 1-01 100*00 

Miscellaneous traffic consists of timber. t>ark. firewood, bricu, drain-pipes, coal, road 

metal in 6-ton lots, a^coltoral and rentable seeds in &-ton lots, and traffic of a similar 

nature. 

A and B classos consist of lime, regetables, tobacco leaf, caustic soda and potash. 

cement, copper ingots, fat and tallow, wster and mining plant, 6*ton lots ; leather, 1 and 

8-ton lots; agrioultoral implements in 5-ton lots; and other traffic of a similar 

natoio. 

This statement does not include 871,376 tors of coal, on which onlj shunting and 

haulage are collected ; nor does it include £48,221 for haulage, tonnage dut^, Ac. 

Summary of the Mileage of Suburban (within 22 miles of Sydney 
and Newcastle) Passengers, 

Number of ordinary passengers 

Number of season ticket holders* journeys 

Number of workmen's journeys 

Total number of passengers* journeys 

Number of miles travelled 

Average mileage per passenger 

Amount received from passengers 

Average receipt per passenger per mile 
Summary of the Mileage of Passengers on the Extended (between 

22 and 34 miles from Sydney, and including Richmond and 
branxton) Suburban Section, 

Number of passengers 

Number of miles travelled 

Average mileage per passenger 

Amount received from passengers 

Average receipt per passenger per mile 

The number of miles of line open on the 30th June last was 
132J. The expenditure charged to capital account during the year 
amounted to ;£^63,467. 

The total capital expenditure on lines open for traffic on the 
30th June, 1908, was ;63»732»99i' The total earnings amounted 
to ;^i,oii,994, as compared with ;£j9o8,7oi last year, being an 
improvement of ;;£^io3,293, or 11.37 per cent. After making liberal 
provision for the general upkeep of the property and providing a 
sum of £2^,000 to clear off the capital cost of the old cable plants, 
conduits, etc., of the North Shore and Ocean Street lines, ;632,ooo 
on account of old steam motors, and ;^25,ooo toward depreciation 
of the Ultimo Power House machinery, the total expenditure 
amounted to ;£'8o9.o65 as compared with ;^727,947 the previous 
year, an increase of ;l6^^l•^» or 11. 14 per cent. The percentage 
of expenditure to receipts is 79.95 per cent., as compared with 80. 11 
per cent, last year. The net result, after providing for all working 
expenses and ;^i 34,504 interest on the capital invested, is a surplus 
of ;^68,425, as compared with ;^48,96i last year. 



... 17,170,130 
... 13,482,120 
•• 10,751,772 
... 41,404,022 
... 258,145.729 
6.23 
•• ;^455.02i 
0.42^. 



1,326,018 

26,318,957 

19.85 

;649.625 

0.454. 
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Durinij the year 172,020,932 passengers were carried, and 
although unfortunately one accident resulted in the death of two 
employees, of the total number of accidents, 88 per cent, were 
due to the want of caution on the part of the injured. No pas- 
sengers were fatally injured directly resulting from accidents to 
the trams, and in this respect, only two passengers have been 
fatally injured through accidents to trams for the past eight years, 
during which time the number carried was 1,082,058,863. 
Railways and Tramways, 

The slafT employed on the 30th June numbered 22,971, viz. ; — 
Railways, 17*924 ; tran»ways, 5,047. Full classification and merit 
advances were granted during the year to the extent of ;^99,ooo, 
of which the wages staff received ^83,250. The working time of 
the station officers has been reduced to six days per week, and the 
conditions of the staff in other directions have been improved. 



Valve Gear of 4-6-2, or "Paclflc" Type Express 
Engines; Western Railway of France. 

In accordance with the promise in our ** Locomotive 
Notes *' for September, we now give the annexed drawings 
and description of this interesting design of valve gear. 
Recapitulating the main features as regards the relation of 
the cylinders, etc., to the wheels, it may be first noted that, 
contrary to usual French practice, the low-pressure cylinders 
are outside the frames, driving the middle coupled axle, 
while the high-pressure cylinders are placed between the 
frames well forward of the smoke-box saddle and drive the 
leading axle, which is cranked in the usual manner with 
hooped elliptical cheeks instead of having an oblique centre 
portion connecting the two crank pins. The four cranks are 
placed at 90"" apart, each H.P, and L.P. crank being at 180°. 

The valve gear in its essential principles is of the 
Walschaert type, but instead of having a separate driving 
crank or eccentric for each valve, the motion for one set 
of inside and one set of outside gear is obtained from one 
return crank A attached to the outside main crank pin. 

In addition to the return crank, placed at 90° in advance 
of the main crank, which gives the motion to the radius 
links O, there is another, F, mounted on the opposite centre 
to the main crank pin ; this arm has for its function the 
actuating of the lap and lead or combination levers P and M, 
these latter being in ordinary Walschaerts gear moved from 
connections to the crossheads. 

The opposite direction of travel for the two valves is 
obtained by a combination of two features, the placing of the 
reversing shafts back to back, so that the dies in the inside 
and outside expansion links are on opposite sides of the«r 
centre lines, and further, by arranging one lap and lead lever 
in the customary vertical position, while the other is inverted, 
that is its actuated end is above its fulcrum. 

Referring to the annexed drawings, the upper views show 
tfie outside or low-pressure gear. Tracing the motion from 
the return crank A, which provides the travel for the valves, 
from this pin the connecting rod couples direct to the outside 
expansion link B in the usual manner, it then goes forward 
to the end of a lever C on a rocking shaft D in a bracket, 
the other end of this shaft carries the expansion link E for 
the inside or H.P. valve; the bearing bracket is mounted 
on the slide bar carrier bracket. 

As before-mentioned, the two lap and lead levers receive 
their motion from a common source, namely, the second 
return on the crank pin BF. Again referring to the upper 
\'icw of the drawings, it will be seen that from this pin a 
rod G is led, the other end of which is connected to one arm 
of a T-beaded lever H on a rocking shaft /, the other arm K 



of which is inside the frames. From this upper arm a long 
connecting rod L reaches forward to the top end of the in- 
verted, H.P., lap and lead lever M. Owing to the great 
length of the connecting rod it is supported about midway 
by a swing link N, 

Owing to the decreased length of the lap and lead levers 
compared with those operated in the usual manner, the lap 
of the valve has been decreased, thereby prolonged admis- 
sion has been obtained, ranging in fact up to 90 per cent, of 
the stroke in both directions and in both cylinders, the result 
of which is marked when starting. 

The whole of the design for this motion and its accom- 
panying details will repay careful study, for not only does it 
represent the outcome of much scheming to overcome new 
conditions, but the details embody features of French prac- 
tice not found in home designs, which are accordingly of 
great interest and very instructive. 

As regards the use of steel castings, this material has 
freely been introduced so as to take advantage of its com- 
bined strength and lightness; the slide bars, which are all 
of the single type, are carried, in the case of the L.P. bar, 
by an elegant steel casting in the form of a girder, one end 
of which rests on the cylinder cover, and is supported about 
its middle by a cantilever bracket bolted to the frame; the 
outer end of the girder is unsupp>orted and is bossed up to 
form the bearing for the expansion link shaft. 

In the form of the coupling and connecting rods a typical 
feature of French design is seen. As regards the H.P. 
connecting rods and also the coupling rod ends, they are 
of the same form, namely a modification of the marine 
pattern, in which the two longitudinal bolts are replaced by 
one of U form, which is made to embrace the outer brass, 
thus combining the function of the bolts and rod end piece. 

The L.P. connecting rod big end is of the open fork 
pattern, depending on the cotter alone to resist the shearing 
stress; the fork is prevented from opening by a continuous 
band or strap placed behind the cotter and bearing against 
the outer flanges of the brasses ; it is held in position by the 
cotter. A similar end is used for the main eccentric rods. 



Locomotive Journals and Bearings.— IX^. 

Great Eastern Railway, 
The work which locomotives have to perform on the 
Great Eastern system is peculiar and may roughly be divided 
into two classes. Firstly there is a suburban traffic unsur- 
passed in density and volume by that on any other railway, 
and the punctuality with which it has always been worked has 
justly excited the admiration of all railway men. Secondly 
there is the comparatively sparse long distance traffic which 
can only be worked profitably by collecting it into big units. 

For the former traffic Mr. Jas. Holden designed special 
tank engines to suit the particular local services. But as the 
details we illustrate do not belong to those engines we are 
not now concerned with them. 

The long distance trains, especially from London and 
Harwich, were for the reason above stated never light, and as 
corridor and restaurant carriages were introduced they 
gradually became very heavy, while at the same time their 
speed and the length between th e stops were increased. 

• Pievious articles of this series appeared in February, March, May, June, 
July, August, October and November, 1908. 
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When in 1898 the 4-4-2 class and in 1900 the ** Claud 
Hamilton " classes were turned out of the Stratford works 
it was generally admitted that the designs were very hand- 
some, and the engines in work have since proved that they 
were as good as they looked. In the express engines sub- 
sequently built, boilers of the Belpaire type were adopted; 
but the design of the 4-4-0 engines remains substantially the 
same and all the heavy express trains on the Great Eastern 
R. are worked by them. 

The Great Eastern R. — like the L and North-Wcstern 
and Great Northern Railways — suffer from the disadvantage 
of having a steep rising gradient — i in "ji — close to its 
principal terminus. In the case of the Great Eastern R. 
there is the further disadvantage of a stop signal on the bank. 
In several parts of the system there are numerous short 



locomotive superintendent, has been good enough to give us 
drawings of the details illustrated have inside cylinders, 4-4-0 
wheel arrangement and the following dimensions, etc. : — 

Cylinders, igins. x 26ins. 

Coupled Wheels, 7ft, diam. 

Heating Surface, 1,706*6 sq. ft. 

Great Area, 21*6 sq. ft. 

Working Pressure, 180 lbs. per sq. in. 

Weight, on the bogie, 17 tons 5 cwt. i qr. 

Weight on the Coupled Wheels, 36 tons 8 cwt. 3 qrs. 

Driving Horn-Block and Axle-Box, fig, 39, 
The Horn-Block is a steel casting of the usual pattern, 
the horns being tied together by a wrought iron stay lin. by 
5|in., hooked at the ends and secured by three Jin. studs 
at each end as shown. The block is fastened to the main 
frames by fourteen turned bolts 5in. diam., the holes being 



Fig. 39.— Driving Horn- Block and 

gradients of i in 100. In the holiday season the weight of 
trains often amounts to over 400 tons behind the tender. The 
longest non-stop run is from Liverpool Street to North 
Walsham, 130 miles, for which 158 minutes are allowed. 
The Continental boat trains run the 68J miles between 
London and Parkeston Quay in 87 minutes. In connection 
with the Continental service through carriages and restau- 
rant cars are run to York and to Manchester, Liverpool 
and Birmingham, and a very long train is the result. The 
traffic to Yarmouth and other East Coast watering places 
is also exceptionally heavy. 

The engines of which Mr. S. D. Holden, the present 



Axle-Box ; Great Eastern Railway. 

carefully broached, when the block is in its position on the 
frame and the bolts made a driving fit. The wear of the box 
sides and horns is taken up by a cast iron wedge sfin. by 
i6in., adjusted by an i|in. eye bolt, fitted with double nuts 
and locked in position by a nut lin. thick. The wearing 
surfaces of the horn block are sfin. wide and the thickness of 
its flange is i^in. The drawing is fully dimensioned. 

The Axle-Box is of gun-metal and has a white metal 
inset (2 3 in. by 6fin.) on each side of the centre line as shown. 
It is bored and faced for a journal 8Jin. diam. by 8Jin, (see 
f\g. 40) and is 8Hin. long. The bearing is brought to the 
horizontal centre line on each side. The width over the 
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wearing surfaces is ii^in. and the depth from the top to the 
centre line 7iin. The horn surfaces are ib^in. by sfin. 

An oil chamber is cast in the top of the box, and from this 
the oil is syphoned by trimmings through two Jin. holes into 
a trough 5Jin. by 2in. by ^in. deep along the crown of the 
bearing. The oil is supplied from one triple oil box on back 



The webs are 24in. diam. by 4iin. and 4in. The main 
journals are 8^in. diam. by 8Jin. long, the big-end journals 
8Jin. diam. by sJin., and the wheel seats gin. diam. by S^in. 
Connecting Rod, Fig, 41. 
This rod is forged steel, and is 7ft. 74in. long between the 
centres. The small end, the eye of which is S^in. diam. by 



tofetfft 




Fig. 40.— Crank Axle ; Great Eistern Railway. 



of splasher through a fin. hole in a web cast on the horn- 
block. The horn rubbing faces are lubricated from the same 
oilbox. The oil chamber is covered by a wrought iron plate 
resting on a leather washer. 

The keep is of cast iron and is provided with a lubricating 
pad, which bears on the lower surface of the journal. It is 
fitted inside the axle-box and supported in its place by two 
fin. wrought iron pins. 

The Spring-Link is of wrought iron and is connected to 
the box by a wrought iron pin (ijin. diam.), which has its 



3in. wide, is solid with the rod, which is 2in. wide parallel, 
but its depth tapers from 3 Jin. up to sJin., the corners being 
rounded off to a radius of ^in. The butt end is 11 Jin. long 
by 9|in. deep by 3iin. wide, lightened by a round-ended hole 
7jin. long by 4jin. deep. 

The Big-end Bearing is SJin. diam. by sAin. long {see 
fig. 40). The brasses are attached to the butt-end of the 
rod by a square-ended steel strap 2|in. by 3iin. middle sec- 
tion, and have flat seats lo^in. long by gin. by 3}in. wide. 
They have four dovetailed insets of white metal with wearing 



Fig. 41.— Connecting Rod; Great Eastern Railway. 



ends increased to ijftin. diam. where they enter the gun- 
metal. The axle-box is designed for a load of 7 tons. 
Crank- Axle, Fig, 40. 
This is of steel, having a tensile strength of 30 to 35 tons. 
It is of the solid or all-in-one-piece type and has the circular 
webs, first introduced by Mr. T. W. Worsdell. The throw 
of the cranks, which are exactly at right angles, is i3in. 



surfaces 23in. by 4i\in., and are kept in place by deep flanges 
all round as shown. The brasses are adjusted by a cotter 
Jin. thick and tapered on one edge at i in 16 and secured by 
two steel Jin. set screws and a safety split cotter Jin. by Jin. 
The cotter bears on the brasses by means of a steel wedge 
wholly enclosed by the flanges of the brass. 

The strap is fastened to the butt end by two through bolts 
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tapered at i'm. to the foot and ifin. smallest diameter. These 
bolts are fitted with double nuts and safety split cotters |in. 
by Ain. 

The Big-end of this rod resembles very closely that of the 
Great Central R., a drawing of which we published in our 
issue for last June, but in one feature it differs from all the 
other nine big-ends of which we have given drawings. It 
will be noticed that the oil cup, instead of being solid, is made 



Fig. 42.— Coupling Rod ; Great Eastern Railway. 

of cast brass and fixed to the brass by means of a flange with 
four iin. studs and lock nuts, the joint beng made with a 
thin leather washer. The cup is 2jin. diam. by 2|in. high 
inside, closed by a cast brass cap screwed in and having a 
filling hole in the centre fitted with a cane plug. The feed- 
hole, which is Ain. diam., is plugged with a worsted trimming 
as shown, and leads to a round-ended oil trough lin. by 2 Jin. 
along the top of the bearing. 

The Small-end is a solid eye fitted with a ring, gun-metal 
bush, having a bearing 3in. diam. by 3Ain. long. The 
bush is fin. thick, and is pressed in and secured in its place 
by a dovetailed key as shown. It is provided with an oil- 
way fin. diam., down which the oil drips from a box fitted 
on to the cross-head. 

Coupling Rod, Fig, 42. 

This Coupling rod is made of steel. It is 9ft. long between 
the centres, but this length cannot now be considered as very 
remarkable, since loft. coupling rods are common on North- 
western and South-Western engines and 9ft. 9in. on the 
Caledonian engines. The section of the rod is, however, 
remarkable, and it is interesting to compare the sections of 
the North-Western loft. rod {f\g,i2yRailway Engineer, March, 
*o8) ; the Caledonian 9ft. 9in. rod (fig. 8, Railway Engineer, 
rod (firf. 34, Railway Engineer, October, *o8) ; and the Lanes. 
February, *o8) ; the L., Brighton and S.C., 8ft. gin. rod (f\g. 



24, Railway Engineer, July, *o8) ; the South-Western loft. 
and Yorks. 8ft. 7in. rod (f\g, 37, Railway Engineer, Novem- 
ber, '08), as showing how widely all these designs differ from 
each other. 

The eyes of the Great Eastern coupling rod are struck 

with a 4Jin. radius and are 3iin. thick. They are fitted 

with bronze ring bushes Jin. thick, having bearings 4fin. 

diam. by 4in. long, the journal being 4Ain. long. The Bush 

is flanged at one end. it is pressed in and 

retained by a Jin. steel set screw, fitted with a 

lock nut and aUo by a dovetailed steel key, which 

is prevented from working out by the flange of 

the bush at one end and by the collar of the 

coupling rod pin at the other. 

The Oil-cup is solid with the rod, but other- 
wise is fitted in a precisely similar manner to 
that on the Big-end above described. 

The rod is parallel, the section being uni- 
form, it is sJin. deep and is milled out to an 
I section, the flanges being 3in. by Jin. and the 
web Ain. thick. The fillets between the web 
and the flanges are ^in. radius, and the top 
and bottom corners are rounded off to a radius 
of Jin., and the inside corners to a radius of 
Ain. 

The Coupling Rod Pin is of steel. The 
journal is 4jin. diam by 4Ain. it is fitted with a 
wrought iron washer secured by a tapered steel 
pin screwed in as shown. It is pressed into 
the wheel and riveted over. 

(To be Continued). 



Glasgow Central Station Extension.* 

The Central Station in Glasgow is the principal 

station on the Caledonian R. It is a terminal 

station, and has recently been much altered and 

extended. During the last decade, many termmal 

railway stations in this country, as well as in France 

and America, have had to be reconstructed and enlarged, owing to the 

universal increase of railway passenger-traffic m great cities; and 

the Paper is a description of the reconstruction and equipment, on 

principles based on modern requirements, of the chief terminal 

station in the City of Glasgow. The Paper deals particularly with 

the preliminary work of planning and the scheming of the general 

arrangement, and describes the accommodation and equipment, 

with no more than passing reference to the structural works. 

The station is situated in the heart of the City at or in the 
vicinity of the main thoroughfares and the River Clyde. It is 
constructed partly over the river, and over several .streets, as well 
as over the Underground Railway which runs longitudinally under 
Argyle Street. The original station was opened in 1879; but, as 
the traffic has been almost constantly increasing, the accommoda- 
tion has had to be enlarged twice within about 20 years. 

The providing of a terminal station in the business centre of 
the City of Glasgow was a great public benefit. Notwithstanding 
this however, the Caledonian Co.. besides being under the neces- 
sity 'of purchasing the costly site of the station, were compelled to 
pav large sums of money to the local authorities for so-called con- 
cessions and in the name of way-leave. These payments amounted 
in the aggregate to no less a sum than £^175.000- . 

Glasgow being the centre of a large industrial district, the 
traffic in the C:entral Station is very great. The number of pas- 
sengers usiiig the station increased by 5,156,465 P^r annum be- 
tween 1890 and 1899. in which year the total number was 
2^,2S7,oo6. The traffic was then, however, seriously affected by 
the competition of the Glasgow Coqjoration tramways, so that by 
1004 the number of passengers had fallen to 20,544.931, again 
rising, however, in 1906 to 21.874,520. With Corporation tram- 
ways constructed outside the c ity boundaries, the tramway com- 

•Abstract of a paper by D. A. Muheson. eaginecr-in-chief, CaledoLi n R 
read before the Insuluii m of Civil Engincwrs, November, *o8. 
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petition is unfair, although the lessening of suburban traffic in a 
busy terminal station may, under certain circumstances, be an 
advantage. 

The average number of train movements in the station through- 
out the year exceeds i,ooo per day. The increase of parcels-traffic 
has been threefold since 1890. The suitability and capacity of the 
station was, therefore, quite outgrown, and mcrease of accommo- 
dation became a necessity. Glasgow Central Station is not, how- 
ever, singular in this, as few, if any, of the original terminal 
stations of this country have stood the test of time in respect of 
traffic- working capacity. 

The site of the Central Station is a difficult one, by reason of 
its position relatively to the River Clyde and to adjoining public 
streets; and, being in the centre of the City, the property which 
it was necessary to acquire was very costly. This affected the 
design, it being to some extent governed by the circumstances of 
environment. In the scheming it was realised that the measure 
of the accommodation to be provided was the great volume of 
intermittent traffic and the necessity of being able to deal with 
many thousand passengers per hour rather than with millions per 
annum. It was considered essential that there should be separa- 
tion of the several kinds of traffic. For convenience in working, 
and witli the view to the separation of particular traffics, it was 
decided to have the longest platforms on the extreme sides of the 
station, and, so far as practicable, use them for the departure and 
arrival of main-line trains respectively. The platforms for the 
shorter-distance and the suburban traffic were placed about the 
middle of the station. Fortunately, the majority of the trains 
for workmen run east and west by way of the low-level part of 
the Central Station, so that the scheme of extension of the Central 
Station was not influenced by the Cheap Trains Act of 1883, or 
the shadows of the revived Select Committee on Workmen's 
Trains, and the recently presented Bill in Parliament to amend 
the law relating: to cheap trains, as under other circumstances it 
might very seriously have been. 

The works were so designed that, in the event of future exten- 
sion, there should be the minimum undoing of what had been 
done. The reconstruction had to be carried out so that there was 
never less accommodation available for the traffic than in the old 
station, and this was successfully accomplished without harming 
a single passenger or delaying a single train during the course of 
the work. The work was carried out partly by administration, 
and this course was justified by the result. 

The station may be described as being a high-level station, the 
platforms being 24 ft. to 33 ft. above the level of some of the 
main streets which are crossed. The substructure is therefore a 
costly work of considerable magnitude. It consists of an extensive 
bridge over the River Clyde, and masonry arching and steelwork 
construction over and between the streets. These structures carry 
the station yard and the lines and platforms of the station proper. 
l*he space underneath the lines and platforms provides accommo- 
dation for a spacious parcels office and other purposes. 

There are altogether thirteen platforms, but the width of the 
station at the concourse is so narrow that their ends had to be 
stopped in echelon. The concourse therefore lies obliquely to the 
lines and platforms instead of at right angles, as is more usual. 
The lengths of the main traffic-platforms range from 800 ft. to 
900 ft., and of the less important from 450 ft. to 610 ft., while the 
widths vary between 22 and 30 ft. 

As a criterion of the increased size of the station, it may be 
stated that the maximum width has been increased from 210 ft. 
to 360 ft. ; the concourse has been increased in area from 
550 sq. yds. to 3.000 sq. yds., the platforms have been increased 
in aggregate length from 1,530 yds. to 2,910 yds., and in aggre- 
gate area from 6,250 sq. yds. to about 14,000 sq. yds. ; the parcels- 
office has been increased in area from 500 sq. yds. to about 6,000 
sq. yds. ; and the roof of the train-shed has been increased in area 
from 14,572 sq. yds. to about 35,278 sq. yds. Then, measured 
in single line, the permanent way in the station and its precincts 
has been increased from ij mile to 5i miles. 

It was considered essential that the lines of the station-yard 
should be as numerous and as long as possible, and that there 
should be adequate auxiliary siding accommodation. The per- 
manent way of the station-yard is so laid out that there is direct 
connection between any of the running lines and any of the plat- 
form lines, and the lay-out of the running and cross connecting 
lines is such as to allow of the simultaneous movement of several 
trains in cither direction. As the rails in the station are on a 
falling gradient towards the concourse, hydraulic buffer-stops have 
been provided at the end of each line of rails. 

A feature of the accommodation is a special platform near the 
middle of the station, extending in length to about 1,000 ft. and 
of a width of 33 ft., on which there are two rows of columns for 
support of the roof. Two rows of columns are considered less 



obstructive than a single row, having regard to the streams of 
passengers and the luggage-barrow traffic. The purpose of this 
special platform is the working of two ordinary trains end on, 
that is, one in front of the other access to the inner part being 
obtained by means of a crossover road between the adjacent lines 
near the middle of the platform. The expediency of this arrange- 
ment is doubtful, as the outer part of the platform is a long way 
from the concourse. The platforms are roofed in to about 86 per 
tent, of their length. This is a greater proportion than is usual, 
but the climatic conditions of Glasgow are exceptional. The roofing 
of the new part of the station, which is about 900 ft. long, is con- 
structed of steel and glass, and the girders being elliptical in form 
there is pleasing vista in the length. The character of station 
roofing generally is discussed, and the roofing of Liverpool Street 
Station is set up as being ideal. The cab-rank is about 1,000 ft. 
long, and takes up a very important part of the area of the station, 
perhaps to the detriment of other accommodation. The method of 
dealing with passengers* luggage in this country necessitates such 
an arrangement in all British railway stations, whereas in Con- 
tinental countries cabs are not brought into the main part of the 
station. 

The concourse had to be of specially large area, and it is sur- 
rounded with the usual offices and appointments of a railway- 
station, among the latter being the train-information indicator. 
This indicator is a feature of the station, and is so placed that 
passengers can readily ascertain by personal observation all the 
information they require in regard to trains. 

The ever-increasing volume of the parcels-traffic necessitated 
the provision of extensive premises in the sub-structure of the 
station at the level of Hope Street directly underneath the pas- 
senger-platforms ; there is direct communication between it and 
the platforms by means of a stairway and a series of hoists. This 
arrangement of the parcels-traffic accommodation has been found 
so advantageous as to suggest that the parcels-premises attached 
to all great terminal stations should be specially constructed either 
above or below relatively to rail-level, provided there is only a 
single hoist journey, that is a journey up or a journey down. The 
general accommodation and equipment is extensive and of the 
most modern character. 

An extensive generating-plant is installed in the sub-structure 
of the station for the generation of electricity for lighting pur- 
poses, as well as for driving air-compressing appliances in con- 
nection with the working of the points and signals. Steam from 
the boilers of this installation is also used for the heating of 
carriages of departing trains and for the heating of the waiting- 
rooms and other accommodation. 

The signalling in connection with the old station was the 
ordinary manual system ; but, after much consideration, it was 
decided to introduce a system of power working in the extended 
station. Under the manual system, three signal-boxes were re- 
quired, but, having regard to the large number of trains to be 
handled, particularly at the high-pressure period of the day, and 
the necessity there is for the swiftest possible operation, it was 
thought desirable to have one signal-box. This necessitated the 
elimination of the question of restrictive distance in the working 
of facing points, so that it was essential that there should be 
other operating agency than that of direct manual labour. It was 
ascertamed that the capitalised value of the loss of efficiency of the 
station and the approach-lines which would have resulted from 
working by manual labour in three separate signal-boxes was more 
than enough to pay for power workmg. 

Investigation having been made— not only in this country, but 
also in France and America — as to the best system of power 
working, and experiments also having been carried out locally, 
it was ultimately decided to adopt the Westinghouse electro-pneu- 
matic system. There are 337 levers and 37 spaces in the inter- 
locking frame, and the installation is said to be one of the largest 
there is. 

The Paper concludes with some reference to the principle in 
design. The author considers it doubtful if more than a very 
general principle exists, since so much depends on local circum- 
stances. 

He states that the measure of the sufficiency is not so much 
the area of the train-shed and the extent of the inside accommoda- 
tion as the capability of the outside accommodation to be truly 
ccmplementary ; and he considers it may be laid down as an 
established principle in design that fitness and efficiency are 
governed by the character and extent of the outside accommoda- 
tion, by which is meant the lines and lay-out of the station yard, 
the auxiliary sidings, and the approach lines, supplemented by an 
effective system of signalling. 

The accommodation for the comfort and convenience of 
passengers, and the arrangements for service working inside the 
station, must also, of course, be carefully considered, particularly 
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in respect of the relationship in plan. 

At the busiest time of the day in the station there should, he 
urges, be a fixed ratio between the number of passtMigers and 
districts and the number of trains, the number of platforms, the 
number and facilities of the lines in the station-yard, the number 
of the approach-lines, as well as the extent of the auxiliary siding: 
accommodation. Althoufrh the lines of the station-yard and the 
approach-lines in this catalo^^ue appear in their order to be among; 
the last of the factors of the problem, they are rej^arded as the 
first in importance, since they can be described as constituting the 
main artery of the station anatomy, while rehitively the auxiliary 
siding accommodation is as vital as the heart. 

With the essentials determined, the station must be schemed 
to meet the local and special requirements. The design of a ter- 
minal station in a great city will, however, in a measure always 
be governed by the circumstances of environment if, as there 
should be, there is due regard to civil engineering economics. 

The works were designed and constructed under the direction 
of the author, with Sir John Wolfe Barry, K.C.B., Past-President 
Inst.C.E.,.as Consulting Engineer. 

Recent Patents Relating to Railways. 

These abridgments of recently published specifications are 
specially compiled for this review by Messrs. Wheat ley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of specifications can be obtained 
at an uniform price of Sd. each. 

Condensing Locomotive Engines. 16,4^1. iSth 
July, JQoy. J. I). Crighton, The Klein Engineering Co., 
Ltd,, 94, Market Street, Manchester.. 

.\ condensing water cooler of the drip type is, according to this 
invention, mounted upon a truck provided with inlets and outlets 
for air which passes through the cooler when the truck is run- 
ning. In the arrangement shown wooden laths A are arranged 
close together across the truck and practically throughout its 
length so that the air current set up by the movi-ment of the 
truck and indicated by the anc>ws may pass between and amongst 
them. The laths form a series of grids or grates across the 
truck, being so relatively disposed that there are no or only 
slight straight passages through or between them for the passage 
of air. The different grids may be arranged vertically or with 
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either their lower or higher ends in advance. With the higher 
ends in advance any water which would tend to drop off or 
through a frame when the truck is stationary would be carried 
back by the air current and confined to its frame when the truck 
is running. With the lower ends advanced the downward flow 
of water would be checked or retarded by the air current. The 
water from the condenser is led through a chamber B to a series 
of perforated distributing pipes or troughs C extending above the 
cooling laths or eauivalents A, and is delivered for cooling to 
the upper ends of the frame of laths or to the upper ends of the 
laths. In order to separate any water which may be in sus- 
pension in the cooling air the air passes under the distributing 
pipes to the rear of the truck, then upwards and returns to or 
towards the front end of the truck over the pipes or a floor G 
placed above such pipes and beneath an approximately horizontal 
partition H which extends to nearly the front of the truck, and 
then again rises and returns towards or to the rear end of the 
truck above the horizontal partition H and beneath the roof J 
of the truck. It then emerges through a suitable outlet into the 
atmosphere. At the various turns and at the outlet the air 



encounters acutely disposed or other bafHe plates K which may 
be attached to the horizontal floors or partitions or to the roof, 
and which separate or retain any water in suspension. (Accepted 
2o//f July, 1908.) 

Waggons. 8,8^8. jjrd April, igoS. Dale claimed, 
jyth June, 1907. Fried Krupp Aktiengesellschaft, Essen, 
Germany. 

.According to this invention, giH3ds waggons, with arrangements 
for self-discharging, have longitudinal girders F constructed as 
main girders of the under frame and end girders E carr>ing the 
buffers. In the middle of the frame E, F is placed a 
traction girder consisting of two Z shaped longitudinal 
girders (i, and parallel to the end transverse girders E 
are two transverse girders H, Built in between the end trans- 
verse girders E an<l ihe iransver?»e girders H are four axle holder 
carriers H. which run parallel to the longitudinal girders F and 
(i, and are preferably mude in one piece with the axle holders 
H'. In addition to this, two diagonal struts K are placed between 
the transverse girders E and II for each buffer E^ and transmit 
the shocks taken up by the buffers E* to the longitudinal girders 
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V and G. The longitudinal walls of the waggon bwiy A stand 
at right angles to the plane of the underframe, while the front 
walls each consist of a vertically directed portion P and a sloping 
portion P*. The inclination of the |x>rtion P> of the front walls 
P, Pi corresponds to the gradient of the material to be loaded 
into the waggon. In the areas of the underframe bounded, on 
the one hand, by the longitudinal girders F and the traction 
girder (i, and on the other hand by the transverse girders H, 
the bottom of the waggon bodv is formed by two horizontally 
lyinv,^ discharging tlaps I-. which are pivoted to the traction 
girder (i. These bottom flaps L may be held in their closed 
position by bolts M placed on the side longitudinal girders F, 
and when in their open position bear against stop bars N which 
are placed on the under-side of the traction girders G. The 
transverse girders H are placed as close ;is possible to the sets 
of wheels D, so as to enable the bottom flaps to be made as large 
as they possibly can be. The longitudinal girders F are of Z 
shape in transverse section, and are so built in that the lower 
flange /* of each girder points outwards ; this ensures that the 
effective outlet opening of the bottom flaps L is as large as 
possible. (Accepted gth Jidy^ 1908.) 

Sanding Apparatus. ^^-',572. J4th October, igoy. 
M. Cummins, 5//?, St ret ford Road, Manchester. 
In order to prevent the sand tube a being choked by an accu- 
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mutation of wet sand caused by water bcinjif thrown up the mouth 
of the tube in wet weather, tlie tube is lined with a coil springy b 
thai is capable of compression, and in the bottom of the tube is 
placed a hollow plunder c that has a stud c* projecting; through 
a slot a* on each side of the tube, and a rod d connected to each 
of said studs. The lower portion of the plunj^er c is of the 
same diameter as the internal diameter of the tube a, but the 
upper portion of the plungfer is of less diameter, so that the 
bottom of the coil spring b will rest on the top ed^e of the 
bottom and larjjer portion of the plunder, and the top end of 
the spring abuts on a fixed shoulder at e inside the tube. A 
bell crank lever g is fitted on each of the studs /, one end of 
each bell crank lever beinjj connected to one of the nxis rf, and 
the other end of each bell crank lever connected by a lever ; to 
the valve h of the sand box p, and also to one end of a pivotted 
lever fc, whose opposite end is connected by a rod / to one end 
of a bell crank lever in that is under the footplate, the loot pedal 
fi resting on the opposite end of the bell crank lever m. When 
the valve h is o|>ened either electrically or by the foot pedal n 
actuating the lever fc, the plumper c is forced down to the bottom 
of the tube a by the lever d, th<^ expansion of the spring b eject- 
ing any wet sand that may have Imlged therein, antl the expan- 
sion of the spring will also prevent any sand collecting on the 
inside of the tube. When the pedal n is released the spring q 
will cause the valve h to close and draw the block c within the 
tube a and compress the spring b. {Accepted 30//1 /w/y, 1908.) 

Automatic Apparatus for Stopping Railway and 
Tramway Vehicles. 1517. 22nd January, igoS, Sie- 
mens Brothers Dynamo Works, Lid,, York Mansion, York 
Street, Westminster, and h\ Lydall, 16, Bedford Gardens, 
Kensington. 

This invention relates to means for protecting railway or tramway 
vehicles in case of failure by the driver due to death, sudden ilness 
or an)* other cause, and consists in mounting devices on the track, 
and cooperating apparatus on the train, adapted to cut off the 
supply of current to the motors and apply the brakes unless the 
driver operates the apparatus on the train to prevent this result 
when the train passes the track devices. In its simplest form the 
invention comprises a ramp R fixed to the sleepers and a shoe H 
carried by a lever L on the vehicle, an insulated contact piece K 
arranged* to connect contacts fe^ fe', switches s, S, a plunger P 
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held up by a solenoid O and a valve V through which the train 
pipe can be put in communication with the atmosphere. When 
the shoe H passes over a ramp the circuit of the driving motors 
will be broken at the switch S and the brakes applied by the falling 
of the plunger P unless the driver keeps closed the local circuit 
by means of the switch s while the circuit is opened at K. In 
order lo warn the driver on his approaching a ramp a second 
ramp and an extra shoe with suitable connections are provided 
for ringing a bell. Fig. 2. In this case a handle h must be 
operate*! by the driver to replace an armature a after the warning 
has been given to prevent the train being stopped by the second 
ramp. A further form of the apparatus is described in which 
means are provided to prevent the driver from fastening his handle 
in such a position that the armature a would not fall. (Accepted 
2-/th August, 1908.) 

Axle-Boxes. i8,gij. 22nd August, igoy, E. Peck- 
ham, Queen Anne's Chambers, Westminster, and C. B. 
Miller, The Magnolia Anti-Friction Metal Co,, 4g, Queen 
Victoria Street, London, 

This journal box, which is intended for the axles of railway and 
tramway vehicles, comprises a casing i, having at its rear end a 
rectangular chamber 2. The packing is shaped to fit the chamber 
so as to prevent turning with the axle, and consists of a formed 
packing sheet 7, preferably of a square piece of leather, provided 
with an opening for the axle, the edges of the opening being turned 
out lo form a collar 8 which encircles the axle. A square or rec- 
angular metal plate q is also provided, having an annular recess 
10, in which is seated split wedge-shaped rings 1 1 and 12 of rubber 



wood or other suitable material. The plate 9 is slipped over the 
collar 8 and is capable of forcing the leather packing 7 against 
the surface 6 of the partition 3, and thus preventing oil from escap- 
ing. Instead of applying pressure direct against the plate 9 the 
pressure is applied .to the outer ring composed either of wood, 
metal or other hard substance. This ring is forced against the 
ring 12, which is preferably made of softer material and provided 
with an opening to receive the axle over the lining collar 8. The 
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opening may be slightly tapered and the thickness of the leather 
or other collar 8 oppositely tapered in order that pressure may be 
applied to close and force the collar around the axle. The packing 
ring II bears against the ring 12 and also against the perpendicular 
side of a wedge or wedges 13, which bear against and slide on the 
outer wall of the chamber 4. When two wedges are employed 
one is dropped into place over the axle through the open top of the 
chamber, and the other wedge is inserted from below. The wedges 
are forked or divided to straddle the axle, and are each provided 
with horns 14, which protrude above and below the journal box 
outwardly, the horns being connected together by bolts 15 or other 
adjustable tightening devices. When the wedges are drawn to- 
gether and slide over each other the packing rings and packing 
are forced into closer contact with the axle and against surface 
b of the partition 3, and thus prevent the escape of any oil from 
the box. (Accepted 20th August, 1908.) 

Tarpaulin Supports for Wagons. 22,214. 8th 
October, igoy, E, J, Hill, 11, Victoria Street, Westminster, 
Transverse supports A are provided and pivoted at B to the sides 
ot the wagon. When folded down out of use, as indicated by the 
dotted lines in Figure i, the transversely extending portion or 
cross bar A of the support will preferably just clear the outside 
end E of the wagon, in which position it is sustained by any con- 
venient means, such, for example, as a pair of stops e on the ends 
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of the wagon against which the bar A then rests. Or, the stops 
might be fixed to the sides C of the waggon so as to engage the 
portions a of the support. To enable the supports to be more 
readily manipulated from the side of the track, the extremities of 
each are prolonged, as' at F, beyond their pivotal connection B 
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with the sides C of the wagon so as to form hand-levers by means 
of which the supports can be easily lifted from their resting to 
their operative position or vice versa. Preferably the handle oor- 
tion G of each of these hand-levers would be jointed, as at /, to 
the lever F, so as to be capable of angular movement in the com- 
mon plane of both end portions a of the support in order to enable 
the handle G to be engaged with and disengaged from a notch g 
in a segmental rack H attached to the side C of the wagon con- 
centrically with the pivot B, about which the support itself is 
movable, so that the support may be locked in the erect position or 
may have the inclination of its end portions adjusted in accordance 
with the height at which it is required to support the cover. The 
rack H is provided at one end with a stop h adapted, by engaging 
the lever F, to prevent the support passing beyond the erect posi- 
tion. (Accepted 13//1 August, 1908.) 

Doors for Wagons. ly^gQo. yth August, igoy, W, 
R. Preston, of /. Stone and Co., Ltd,, Deiplford, and H, 5. 
Wainwright, Alfred House, Ashford, Kent, 
According to this invention ordinary doors, whole side doors and 
bottom doors of trucks, or the side flap doors of horse boxes and 
cattle trucks and other structures are provided with a sliding and 
partially revoluble stanchion adapted to serve the two-fold purpose 
of holding the door in the closed position when in the lowest or 
extreme position in one direction, and when raised or pushed in 
the other direction, to come into a guide and into contact with a 
spring or buffer which is adapted to be compressed as the door 
swings outwards and downwards, or merely downwards, as the 
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case may be. The stanchion a is adapted to slide and pivot in a 
bracket h, h fixed to the underframe c of the truck. Near the 
bottom of the stanchion is fixed a pivot e, which is adapted to slide 
in the slots or recesses / in the bracket b, b in such manner that 
the stanchion may normally rest and be guided or rigidly held in 
the bracket, that is to say, when the pivot e rests at the bottom of 
the slots /, but that when the stanchion a is raised or withdrawn 
from the bracket it may be partially rotated or swung on the pin 
or pivot e at the extreme end of the slots. In ord^ that the 
stanchion a may operate on the spring h, a bracket or guide g 
containing the spring is preferably mounted on the side of the 
door I into which guide the stanchion enters, and this guide may 
be so arranged as only to receive the end of the stanchion when 
the door has rotated a certain distance, or the bracket may be 
extended as indicated at k in dotted lines, fig. i, so that the 
stanchion may enter the guide before the movement of the door 
begins to take place. The guide is preferably slotted at I to 
permit of the revolution of the door independently of the stanchion 
sliding therein and abutting with its recess m against a bearing 
surface or knife edge on a cross piece n at the bottom of a piston 
or slide o adapted to move in the guide g, the cross piece n being 
adapted to receive the end of the stanchion which is shaped to 
correspond. The cross piece n projects into and is guided in a 
vertical slot ; on each side of the guide g. The spring h abuts 
against the slide o, and this spring may either be of the helical, 
leaf or other suitable type. If the spring be of the leaf type 
the guide is preferably provided with larger slots on each side 
so as to permit the spring to pass right through, and the dotted 
lines p indicate the position a laminated spring would occupy. 
(Accepted 6th August, 1908.) 

Liquid Brakes. ^.'1,749. 2nd October, igoy, IV. 
Redpath, 41, Lindley Street, York. 

This invention has reference to brakes in which liquid is forced 
from a pump into ram cylinders connected with the brake shoes. 
A shaft a, mounted in suitable bearings and provided with hand 
wheels b, by which it can be readily rotated, is adapted to operate 
a force pump within a pump chamber c, suitably suspended 



beneath the vehicle. Pipes d connect the force pump e, with cylin- 
ders /, fitted with rams g, the ends of which are adapted to be con- 
nected to the brake blocks. A bye-pass h connects the pipe or 
pipes d, or the delivery side of the pump to the interior of the 
pump chamber c, and this bye-pass pipe is fitted with a release 
valve i. When the brakes are to be applied either of the hand 
wheels b is rotated and the shaft a operates the force pump e, 
which forces liquid from the chamber e mto the cylinders /. When 
the brakes are to be released the release valve i is opened by a 
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lever m, so that the pressure of the liquid in pipes d and cylinders / 
is at once relieved. When the invention is to be applied to a pas- 
senger brake van which is fitted with existing brake mechanism, 
tor instance, of the Westinghouse system, the hydraulic ram / is 
connected to the existing rocking lever /. The end of the ram / is 
preferably formed as a yoke p, to which two links q are connected, 
the ends of the links being slotted as at s to receive a pin t passing 
through the rocking lever I, which is connected by a pin u to the 
slotted end v of the piston rod of the Westinghouse cylinder w. 
By this arrangement either brake system may be used without in- 
tcrieiing with the working of the other. The invention can also 
be applii^ to vehicles fitted with the vacuum brake system. 
(Accepted 6ih August, 1908.) 

Draw Gear. g6g2. 4th May, iqo8. A. Spencer, 
77, Cannon Street, London. 

This invention relates to continuous draw gear for railway vehicles 
in which draw bar cradles are embodied, and has for its object to 
provide means whereby shock hitherto occasioned by engagement 
of the draw hook shoulders with the headstocks is avoided. To the 
inner side of the headstock a is secured by collars b on tie bolts c 
and nuts d a tubular guide e which is of square shape in exterior 
and interior cross section at e^ and adapted to receive a draw bar 
sleeve / which is also of square shape in exterior and interior cross 
section. The bolts c serve with the aid of nuts g to tie to the head- 
stock a a buffing plate h against which bears a spring, conve- 
niently constituted of concentric india-rubber rings 1 separated by 
cupped metal rings ; in a manner now well known, k \s a circular 
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spring compressing a plate, shown as a cupped plate, against the 
inner side of which the spring bears and against the outer side of 
which the sleeve / is arranged to bear. The flange k^ of the plate 
encircles the exterior circular portion e* of the stationary guide e 
which serves as a stop to limit the outward movement of the plate. 
The draw bar m carrying the draw hook n passes through the 
sleeve /. the plate fc. the spring i, / and the buffing plate h and is 
coupled in the usual w.ay through a cradle to the draw bar at the 
ether end of the vehicle, the shoulder n\ of the draw hook fi en- 
gaging the flanged extremity /> of the sleeve /, which, as shown, 
is normally out of contact with the headstock a. The arrangement 
is such that when a pull is applied to the draw bar at one end of 
the vehicle the tractive force is transmitted through the shoulder n^ 
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6f the draw hook n at the other end of the vehicle to the adjacent 
sleeve /, which therefore causes the plate fe to advance and com- 
press the spring i— ; against the buffing plate h. In this way the 
vehicle will not respond to the pull until the compression of the 
spring i—j overcomes the inertia of the vehicle so that a sudden 
start is avoided and no shock is experienced by engagement of the 
draw bar with the headstock. With existing arrangements of con- 
tinuous draw gear the draw bar cradle springs alone are relied on 
to absorb starting and stopping shocks, whereas with the present 
improved gear the cradle springs are employed exclusively for 
absorbing shocks on the draw gear caused by movement of the 
train. (Accepted 6th August, 1908,) 

Train-Pipe Trip- Valve. 9/. ist January, igo8 

(Patent of addition to No, 12,262. 2gth May, igoj). J. 
W. Cloud, 82, York Road, King's Cross, London. 

This invention relates to a 
train-pipe valve provided 
with a depending arm or 
lever adapted to be oper- 
ated by a tripping device on 
the track to open the valve 
and cause the brake to be 
applied. According to the 
present improvement the 
lever is so constructed that 
the trip will be operative 
when the vehicle or train 
is moving in one direction 
only, so that the vehicle 
can be shunted back over 
a tripping device without 
the valve being opened. For 
this purpose the lever is 
made in two parts i, 5 
connected by a knuckle 
joint or hinge, formed by 
slotting the upper extre- 
mities of the part 5 to 
receive the lower extremity 
of the part i. (Accepted 
i^th August, 1908.) 
Interlocking Apparatus. 27,4g2. j2th December, 
igo*j. E. R, F. Hddam, 328, Hither Green Lane, Lewisham, 
and W, R, Sykes, 26, Voltaire Road, Clapham. 
This invention relates to mechanism for operating the interlocking 
tappets in connection with the hand levers of points,^ or signals, in 
wfkich a cam bar pivoted to the hand lever and having a notch at 
each end is in engagement with crank pins turning about a common 
centre with a crank coupled to the tappets. To the lever A is 
pivoted as at e the horizontal cam-bar E which receives longi- 









Cudinal to-and-fro motion from the hand lever, the bar when at its 
extreme positions alternatively resting upon one or other of a pair 
of guides / / provided on the lever frame F. Beneath the cam-bar 
E, at a point g midway between the supports / /, a disc G is so 
mounted on the frame as to be rotatable in the plane of motion of 
the lever A and parallel and close alongside of the plane wherein 
the cam-bar reciprocates. This disc G carries three crank-pins H, 
J and K, whereof H is permanently coupled by means of a link h 



to an eye d on the locking tappet D. The crank pins J and K ar« 
equidistant from the centre g of the disc G and are adapted to be 
engaged by the cam-bar E in such manner that, during both of 
the terminal portions of the stroke of the lever A, the disc G will 
be rotated sufficiently to cause the tappet D to slide in its guides 
the distance required for effecting the locking or unlocking opera- 
tion relatively to the locking bolts in the frame C, whereas, during 
the intervening or middle portion of the stroke of the lever A, rota- 
tion of_ the disc G and consequent movement of the tappet D will 
be positively prevented. For this purpose the lower edge of the 
bar E has two notches M and N separated by a straight portion 
L whose length exceeds the distance between the crank pins J and 
K by an amount corresponding to the extent of the lost motion 
to be permitted between the lever A and tappet D, that is to say, 
corresponding to the excess of length of the effective stroke of the 
lever over the total movement of the tappet in either direction. 
The notches M, N, which are adapted to take over and engage 
with the respective crank pins J, K, are perpendicular to the lower 
edge of the bar, and are deeper at their outer sides m, n, than at 
their inner sides m^ n^, the length of the latter being limited by 
their intersection with the middle portion L of the edge of the bar, 
which is maintained at such a distance from the centre e of the 
disc, relatively to the distance apart of the crank pins J. K, that 
during the middle portion of the stroke of the bar E both crank 
pins will be simultaneously in contact with the edge L. The cam- 
bar is normally retained in contact with the guides / / by means 
of a removable stationary roller fl, and is provided with a pro- 
longation O forming a handle whereby on the removal of this 
roller the bar can be lifted clear of the pins M, N. (Accepted 2*jth 
August, 1908.) 

Underframes. 5769. 14th March, igo8. G. H. 
Sheffield, 15, New Bridge Street, Newcastle-on-Tyne, and /. 
D. Twinherrow, i, Woodslde, Hexham. 

Two sole-bars or main longitudinals, a, are connected by a number 
of continuous cross bearers, b, placed at suitable distances apart 
so as to transfer the load more directly to the sole-bars, a, only a 
single inner longitudinal, c, being employed in addition to the sole- 
bars. The longitudinal, c, is made up in short lengths joined to 
each cross bearer, b, by brackets c^ and tie plates c^ although in 
some cases it may be arranged at a lower level to pass underneath 
the cross bearer. Draw springs d, are arranged in pairs to abut 
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on the main cross bearer, one spring or nest of springs being on 
each side of the central member c. Each spring is fitted with a 
short draw-bar, e, connected to an equalising lever f, to the centre 
of which a main draw-bar, g, is attached. The headstock is sup- 
ported against bufling shocks by means of the sole-bars, a, and 
diagonals, h, the ends of the diagonals being brought close to the 
middle point of the main cross bearer where it is supported by the 
middle longitudinal, c. In this way a very strong jomt is obtained 
at the junction of the diagonal, /i, the end of the longitudinal, c, 
and the cross bearer, b, which are all tied by the plate c^. In 
order to prevent outward deflection of the stanchions when under 
load, the attachment at the foot of each stanchion should be 
rigid, and for this purpose a flanged bracket, 1, is adapted to 
receive the foot of each stanchion, fe, and to connect it to the 
outer angle of the sole-bar, a. Further, rigidity may be obtained 
by means of an inclined plate, I, adapted to slope upwards from 
the top flange of the sole-bar, a, to the side at some distance above 
the lever of the floor, m. This inclined plate also facilitates the 
unloading of bulk freight by shovel, prevents corrosion in corners 
and avoids the tendency of bagged goods to burst when crushed 
into a square corner. An additional flanged bracket, n, may 
sometimes be fitted beneath the sloping plate, I, adjacent to each 
stanchion, h, to which the bracket, n, is attached. The usual 
continuous longitudinal outer angle may be dispensed with except 
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at the positions where the doors are to be fitted, for instance, as 
shown in Figures 2 to 4, a short outer angle, o, may be retained 
between two of the brackets to which it is attached so as to form 
a bearing piece for the purpose of attaching the hinges of each 
door. The depth and width' of the side and floor plates may thus 
be shortened on either side of the doorway or on either side of each 
doorway when more than one is provided, the sloping plate, I, 
acting as a distance piece and filling the void between the shortened 
side and floor plate. (Accepted yd September, 1908.) 

Bogies. 26,060. 2Sth November, iQoy. A. Spencer, 
77, Cannon Street, London. 

The bolster b is supported, through springs indicated diagram- 
matically at d, upon a spring plank e that is carried by links / 
through bars g connected to the plank e by bolts h; wooden blocks, 
;, y, being interposed between the bars g and bolster e. The bars 
g are formed with trunnion-like ends fe each mounted in the lower 
end of a link /. At their upper ends the pair of links / at each 
side are mounted to turn on pins m which are carried by an inter- 



mediate bolster n. Two intermediate bolsters n, which are con- 
nected at their ends by plates o, are each supported by a spring 
plank p through springs indicated diagrammatically at q. The 
two spring planks p rest on longitudinal bars f that are prevented 
from lateral movement relatively to the spring planks by brackets 
s, and whose ends, which are turned to form trunnions, are sup- 
ported in the lower ends of links i that at their upper ends are 
pivoted to pins u carried by the transverse members v of the bogie 
frame. The inner ends of the pins m are each supported in a 
bracket w arranged to form a rubbing block that works against 
a corresponding rubbing block x fixed to the main bolster b. llie 
pins tt of the links t are each supported at one end by the corre- 
sponding cross member v and at its other end by a bracket v^ 
secured to the cross member v. (Accepted yd September, 1908.) 

COMPLETE SPECIFICATIONS ACCEPTED. 
1907. 

17990. Fall-down doors of railway trucks, horse boxes, cattle trucks, 
and other structures. Preston and Wainwright. 

18258. Means for securing doors or flaps of railway trucks, horse 
boxes, or the like. Preston and Wainwright. 

21749. Liquid brake for railway vehicles. Redpath. 

22757. Bearings, more particularly applicable to the axle-boxes of 
railway vehicles. Preston (Fabe). 

24242. Brakes for railway wagons and similar vehicles. Coles. 

26254. Ball bearings, especially suitable for bogie or sub-tracks of 
railway and tramway vehicles. Walker. 

18527. Railway signalling apparatus. Neale. 

19264. Means for locking railway carriage doors. Herd and Esplen. 

19752. Arches of locomotive furnaces and the like, and bricks 
employed therein. Roberts and Birkett. 

21245. Apparatus for coupling railway wagons and the like. 
Pollock and Mallinson. 

21851. Locomotive boiler with increased heating surface. Kaczynski, 
Rudnicki and De Sosnowski. 

22214. Supports for the tarpaulin and like coverings of open rail- 
way wagons. Hill. 

23843. Supports for the tarpaulin and like covers of wagons. 



Parker. 
16429. 

18913- 
19217. 



Rails for tramways and the like. Burbey and Kerslcy. 
Axle journal boxes. Peckham and Miller. 
Brakes for railway vehicles. Hopley. 



21413. Means of controlling the locks of railway carriages, strong 
rooms, and the like. Taylor and James. 

22736. Air brake sybtems. British Thomson Houston Co. (General 
Electric Co.). 

22861. Automatic couplings for railway and other vehicles. C'nles. 

24217. Single rail railways. Constant inescu. 

24640. Railway vehicle axle-boxes. Atherton. 

25454. Means for lubricating the pins of cranks or similar moving 
parts of locomotive or hiaiionary engines, and the like. Morton. 

18764. Railway signalling apparatus. Leader. 

Fisli-plates and fastenings for railway rail joints. Robinson. 
Electric track circuits for railway signalling. Holt and 



1903*« 
25410. 
Wallis. 
26948. 



Indicating in compartments of railway carriages the stop- 
ping-places of the train. Wilson. 

27492. Interlocking apparatus for hand levers for railway points, 
signals, and the like. Hallnm and Sykes. 

19198. Spurk>killing device for locomotives. Karthaus and Simon. 
19266. Ventilators for railway carriages and similar uses. Walker. 
19847. Formation and arrangement of railways and tracks for 
purposes of amusement. Martyne. 

20156. Detonating signals for railways. Illidge. 
26060. Bogies for railway and the like vehicles. Spencer. 
27278. Automatic signalling and stopping apparatus for trains on 
railways furnished or not with the block system. Maglietta. 

1908. 
5769. Under frames of railway vehicles. Sheffield and Twinbcrrow. 
14096. Train -operated mechanism for opening and closing doors. 
Robertson. 

1517. Apparatus on railway or tramway vehicles for giving warn- 
ing and for stopping the same in case of failure of the driver. Siemens 
Bros., Dynamo Works, Ltd., and Lydall. 

1606. Railway signalling means. Marshall and Penman. 
5016. Apparatus for bonding rails and similar conductors. 
Harrison (Electric Railway Improvement Co.). 

5702. Driving means for automobiles, locomotive engines, sta- 
tionary engines, and the like. Reichel. 
6749. Railway rail joint. Sevcik. 

12333. Railway sleepers of armoured concrete and the like. Cook. 
14068. Railway rail fastenings. Olds. 

33. Braking apparatus for tramway vehicles. Maunder, Thomp- 
son and Mitchell. 

172 1. Operating mechanism for railway and tramway points and 
Allen. 

Railway signalling apparatus. Racot, Renaud and Lanoe. 
Locks for railway carriage doors and the like. Schaller. 
Ventilators chiefly intended for use in railway carriages. 



switches. 

8800. 
11950. 

12679. 
McLaren. 
91. 
Cloud. 

3352. 
Brennan. 

6181. 

5«ii. 
6122. 
9692. 
14094. 
sleepers. 



Fluid pressure brakes for railway vehicles and the like. 

Switches and crossings for compound gauge railways. 

Railway signalling. Bock. 

Apparatus for placing fog signals on railway lines. Clausen. 
Railway dumping cars. Goodwin. 
Railway vehicle draw gear. Spencer. 

Metal keys or wedges for use in securing rails to railway 
Jones. 



Official Reports on Recent Accidents. 

At Combrook W^est Junction, Cheshire Lines. On tjlh May. U.- 
Col. E. Druitt, R.E., reports thai i— 

The engine, tender, and train forming the 11.5 a.m. passenger train 
(Sheffield to Manchester Central) were derailed. One passenger com- 
plained of being badly shaken. 

The train consisted of a 4-4-0 engine, tender, fitted with the steam 
brake, and 3 vehicles weighing respectively 31^ tons 22 tons 17 cwt. 
and 22 tons 3^ cwt. 

There are two pairs of main lines between Cornbrook West Junction 
and Manchester Central Station. The up lines to Manchester are on 
the north side of their respective down lines. These pairs of lines arc 
known as the ** A *' route and ** B ** route main lines. The ** B ** route 
are on the north of the ** A ** route lines. 

At a point 40 yards west of the signal-box in the ** A " route is a 
double junction leading off to the right for trains to the Manchester S. 
Junction and Altrincham R., and 10 yards beyond the junction or 50 
yards west of the signal-box is another double junction between the 
** A •• route and **-B route lines, the facing points in each case being 
in the up line of the " A *' route. It was at these latter facing points 
that the first marks of the derailment were found In this case the up 
line leads off to the left. Between the " A " and " B " route pairs of 
lines is a middle road for empty carriage trains, thus after leaving the 
up line of the " .A ** route to get to the up line of the *' B ** route a 
train has to cross the middle road and the down line of the '* B" route. 
The total length of the junction crossing from the facing points in the up 
line of " A " route to the trailing points in the up line of ** B *' route is 
136 yards. 

At the second pair of facing points, where the crossing to the up " B *' 
line commences, the curvature beginning at the hed of the facing 
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switches is as follows :— Left hand, 15 ch., 50 ft. ; left hand, x8 ch., 
$0 ft. ; tangent, straight, 120 ft. ; right hand. 15 ch., 130 ft. 

*J here Is a speed restriction of 30 miles an hour, the wording of the 
Appendix to the Working Time Table being *' Cornbrook West Junction 
—To or from Old TrafTord and Oxford Road, 20 miles an hour." 
There is*also a speed board placed alongside the facing points with the 
following wording, viz. ; — *' Speed for Junction not to exceed 20 miles 
per hour.** 

The train was turned at Cornbrook West Junction through the cross- 
ing leading from the up line of the ** A '* route to the up line of the 
•* B " route. The evidence of the men on the engine is that the first 
sign of anything being wrong was the tender suddenly leaving the rails 
at the crossing of the down line of the ** B " route. The guard also felt 
nothing out of the ordinary until he saw the tender jumping at this cross- 
ing, and the carriages did not leave the rails until they had reached the 
heel of the trailing points in the up '* B ** route road. The driver 
brought the train to a stand in a distance of 125 yards from the centre 
of the crossing of the up " B " route road. On examination of the per- 
manent way it was evident that at least one pair of wheels had mounted 
the rails at the facing points in the up ** A ** route line which lead 
across to the up ** B ** route line. 

Judging by the damage done to the permanent way and to the flanges 
of the tender wheels, and by the evidence of the train men, it would 
appear that in all probability the leading right-hand tender wheel mounted 
the right-hand rail where it struck the facing point of the switch rail, 
and that the leading pair of tender wheels only were off the road from the 
fir^t heel chair to the crossing of the down '* B " road, and that the 
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carriages did not leave the rails until they reached the up " B *' road. 

The right-hand rail between the two sets of facing points was very 
badly worn, the head on the inside being ground away to a shape which 
conesponded almost exactly to the worn flange of the right-hand lead- 
ing tender wheel. The weight of this rail was originally loo lbs. per 
yard and it had been laid down in June, 1903, nearly five years ago, 
rig. 1, The road was half-inch wide to gauge at the facing points, 
mostly due to the wearing of the rail, as the gauge is left slightly slack 
on purpose. The head of the left-hand rail between the two sets of facing 
points was distorted so as to widen the head, showing there had been a 
heavy wear and longitudinal slipping on the top of the rail. 

The tender was last in the shops at Derby in September, 1907, and 
the last turning of the tyres was done in November, 1906. It has a fixed 
wheel base of 13 ft., the wheels are 4 ft. 2 in. diam., and the weights 
carried on the three axlps when the tender is loaded are 13I tons, 12 tons 
i6i cwt. and 13 tons i6i cwt. 

Ihe length between the trailing wheels of the engine and leading 
tender wheel is 9ft. ojin. The flange and tread of the right-hand lead- 
ing wheel were very much cut about and indented, the other flanges and 
treads less so. All tyres were worn, the right-hand ones more than 
the left-band ones, and the right leading one especially so. The maxi- 
mum wear of ihis one at the foot of the flange was y'g inch, and at the 
point of the flange \ inch. Although the flange was not worn so sharp 
as to be vertical, yet an edge had commenced to form on the inside 
lowest point of the flange, and this edge was burred over, showing that 
this part of the flange had been in contact with the side of the rails. 
Also the lowest part of the inside of the flange for a depth of \ inch was 
worn and polished, showing that there had been binding between that 
part of the flange and the side rails, fig. 2. The right leading flange could 
not have got into the condition as regards the formation of the edge 
on the lowest point of the flange, and the polished state of the lowest 
|in. of it, in one day. 

The speed of trains according to regulation should not exceed 30 
mSIet an hour when passing Cornbrook Junction. The driver put his 
speed at 15 to ao miles an hour, and the guard at ao miles an hour, the 
usual rate. The signalman considf»red the speed as 20 to 25 miles an 



hour. The up ** .A ** route line approaches Cornbrook Junction on a left- 
hand curve of 60 chains radius, and at the first set of facing points lead- 
ing to the Manchester South Junction and Altrincham line the radius of 
the lay out is 20 chains radius also to the left, and at the second set of 
facing points leading across to the up *' B ** route the radius of the lay 
out is 15 chains radius still to the left. But although the radius of the 
lay out curves are as given above, the actual divergence from the tan- 
gent of the two sets of switches is equivalent to that on a curve of much 
sharper radius. No superelevation of the outer rail can be given at either 
turnout, and the speed limit on junction crossings of this description 
should not be as high as 20 miles an hour. 

In practice drivers rather underestimate the speed they are running 
at, at places where they are restricted to speed of from 10 to 12 miles an 
hour. 

The wording of the Appendix (see above) is not very clear, and may be 
read as not applying to a train on the up ** A '* route line that is not 
being crossed to the '* B *' route line, or Manchester South Junction and 
Altrincham line. The same applies to the wording of the Speed Board 
alongside the junctions as a simple ** 20 miles an hour '* would suffice if 
that speed applied to all trains. The condition of the rails showed that 
trains had run at high speed through the facing points. Although the 
platelayers and signalmen say that the speed often exceeds the regulation 
limit, the evidence does not show that it was being much exceeded if at 
all on this occasion, and the driver had 3 minutes to spare in which to 
run the f mile and bring his train to a stand at the terminus, so he had 
no special reason for exceeding the limit. But as mentioned above, 
this limit of 20 miles an hour is too high even for trains running on the 
up ** A *' route line throughout, and still more so for trains turned 
act OSS the junction. 

Thus in this case there was a higher speed than was justified by the 
conditions attending the lay out of the permanent way, and a worn 
flange on the leading outer wheel of the tender, binding against a worn 
rail, adjoining a set of facing points which led off at a sharp radius. 
The derailment was due to the conjunction of these circumstances. 



Near Wigston Station, M.R. On loth May. Major /. W, Pringle 
reports that\ — 

The 12.29 ^•'^* Scotch express (Carlisle to London) became divided. 
No one was injured. 

The train consisted of a 4-4-0 engine and tender (84 tons 17 cwts.), 
a 4-4-0 engine and tender (90^ tons) and 12 vehicles weighing 268 tons 
net, fitted throughout with the automatic vacuum brake working blocks 
upon 80 out of the 90 wheels of the coaching vehicles. The engines 
were equipped with the steam brake acting upon their driving wheelt 
and their tender wheels. The working pressure of the vacuum con- 
tinuous brake was 20 inches. The equipment was not of the latest 
quick-acting pattern. 

Wigston Station is about 4 miles south of Leicester. There are 
four running roads through the station. The middle pair are used for 
up and down passenger service, outside these there are up and down 
goods lines on the east and west respectively. There is a facing con- 
nection from the up main line to the up gt>ods line south of the station. 
Wigston South Sidings signal-box controls the south end of Wigston 
Station Yard. At the north end of the station is the block post known 
as Wigston South Junction, and further to the north again is Wigston 
North Junction. 

Owing to the very short interval between the signal-boxes, the two up 
main distant sigtials for Wigston South Sidings referring to the up main 
and up goods lines respectively have been placed under the up home 
signal for Wigston South Junction, and are repeated under the starting 
signal for the same block post. There is therefore only an interval of 
about 406 >ds. between the outermost of these distant signals and the 
up home signals for Wigston South Sidings. To compensate for this 
unavoidable short interval an instruction is in force that the ^gnalman 
at the South Junction is not allowed to lower his single up distant 
signal until he has satisfied himself that one of the two distant signals 
for the South Sidings has already been lowered. Two discs, repeating 
the movements of Uiese signals, are provided in the South Junction 
cabin to give this information. 

This slight accident might have had very serious results if the 
enginemen had failed to observe the signals ; driver Costin was alert 
and acted with commendable promptitude. 

Signalman York states that the express was signalled forward from 
Wigston South Junction to South Sidings at 5.50 a.m. with the 
proper number (4) of beats on the bell, after the call attention signal of 
one beat had been sent and acknowledged. The train was accepted 
from South Sidings as an " express " by the repetition of this four bells 
signal. At 5.52 a.m., when York received from Wigston North Junction, 
the ** entering section *' signal for the express, he was engaged in 
cleaning work. He waited until he heard the sound of one of the two 
indicating disc signals (in his box) falling, and then lowered his start- 
ing, home, and distant signals. There is one signal only in each case 
referring to the main line at the South Junction. Tliese disc signals 
repeat the movement of the two up distant signals for Wigston South 
Sidings, one of which refers to the main straight road, and the other to 
the crossing from the up main to the up goods road. York admitted 
thst he did not look to see which disc had fallen. If he had looked 
an accordance with Rule 38 of the regulations for train signalling by 
block telegraph he would have seen that the signals for the goods line 
had been lowered, and it would then have been his duty to keep all his 
own signals at danger. 



Digitized by 



Google 



4i6 



The Railway Engineer. 



December, igo8. 



Signalman Franks at Wieston South Sidings contradicted York s 
•tatcment. He declared that the signal he received from South Junction 
at 5.50 a.m. consisted of one pause, four beats on the bell, Th s is the 
recognised block signal for a class " B " goods train. Apparently, 
from previous intimation of the running of the express, Franks did not 
expect it to arrive until 5.59 a.m., and accordingly he sent the accep- 
tance signal for a class " B " goods train. He then set the facing 
points for the crossing junction to the up goods line, which was clear 
as far as the next block-post, to the signal-box in advance, and lowered 
all his corresponding signals. At 5.53 a.m. he received the " cntermg 
•ection *' signal, and looking out saw the approaching train was a pas- 
senger, and not a goods train. He held up his hands as a danger signal, 
but the train passed his home and directing signals and came to a stand 
on the junction crossing. It is impossible to say which of these accounts 
is correct. 

When the enginemen of the express caught sight of the green light 
displayed on the distant signal post for South Junction. 1,050 yards 
from the facing points leading to the goods line, they would naturally 
expect to find all the signals through Wigston Station jrard indicating a 
clear run, and would be justified in making speed. Costin. who drove 
the leading engine, and was primarily responsible for the brake power, 
states that he saw the home signal for South Junction 250 yards before 
reaching it, i.e., when he was about 778 yards from the facin^-poinU. 
At the same time he noticed that the through road distant signal for 
South Sidings, which is carried under the kbove-named home signal, 
was at danger ; and that the bracketed distant signal on the same post, 
which refers to the goods junction, was lowered. He at once closed his 
regulator and applied the continuous brake, which acted efficiently. Pas- 
sing under the bridge at the north end of the station, 358 yards from the 
facing points, he saw that the goods line ahead of the junction was clear, 
and partially released the brake, in order to avoid making too sudden a 
stop and thereby awaking or alarming the passengers. This accounts 
for his over-running the directing signals, which protect the facing 
points, by a distance of about 50 or 60 yards. The breaking of a coupling 
shackle, and the distortion of the gangway between the fifth and sixth 
vehicles behind the engines, was done after the express had set back on 
to the up main line clear of the junction points. Possibly it was caused 
by the buffers of the four light vehicles between the engines and the heavy 
bogie carriages being forcibly compressed in setting back, and the sub- 
sequent over sudden release of the continuous brake. The breakage was 
of course immediately made known to the enginemen and guards of the 
train by the total loss of vacuum, and the necessary re-coupling was 
carried out before the train started. 

It is clear that the primary cause of the mishap was a misunder- 
standing between the signalmen. It seems probable that the express 
was rightly signalled forward by York, that it was wrongly accepted aa 
a class ** B *' goods by Franks, and that this error was not discovered 
by York as it should have been, if he had been paying full attention to 
his signalling duties. 

As at present arranged the up distant signal for Wigston South 
Junction is liable to be misleading to express enginemen. If the Com- 
pany desire that warning should be given at this distant signal post of 
the position of the signals at South Sidings referring to the goods 
junction, an additional semaphore arm and lamp should be provided. 
Interlocking will also be necessary to ensure that the distant signals can 
respectively only be lowered when the proper road is set. The prefer- 
able course, however, will be to retain the single distant signal at South 
Junction and provide interlocking so that it can only be lowered when 
the signals at South Sidings for the up through road have been pre- 
viously lowered. One or the other of these alternatives should be carried 
into effect. 



At Dysart Station, N.B.R. On 8th April. Major /. W, PringU 
rep0rti that : — 

A special mineral train (engine, tender, 39 wagons and 4- wheeled 
van, Bowhill to Burntisland) was run into in rear, with considerable 
violence by a light 4-4-0 engine and tender fitted with the Westinghouse 
brake and weighing 75 tons 6 cwt. (80 per cent, brakes). The brake 
van was destroyed, and 8 waggons more or less damaged. The 
guard was badly injured, and a lad porter, who was crossing the line, 
was struck by wreckage and killed. 

The block posts on each side of Dysart are Randolph Colliery 
signal-box to the north, if miles, and Sinclairtown 64 chains south. 

For an up train from Randolph signal-box the line rises for \ mile 
at X in 135 and i in 145, and after falls for a mile at i in 300 tu 
I in 120. 

Signalman Allan, at Dysart, states he accepted the special mineral 
train from Randolph with the ** Line clear " signal at 8.7 p.m. It 
arrived at Dysart at 8.19 p.m., and came to a stand at the up starting 
signal, with the rear brake van opposite the centre of the up platform. 
66 yards from the signal-box. The up distant signal, when this train 
passed it, probably about 8.15 p.m., was at danger. The position of 
the lever working the signal is vouched for by Allan, and the engine- 
men of the mineral train, Johnston and Robertson, certify to the red 
light exposed by the signal lamp. At 8.19 p.m., when he ** cleared 
back ** to Randolph for the special mineral train, the light engine was 
Immediately offered to him, and that he thereupon accepted it with 
the ** Section clear, but station blocked " bell signal. The ** Entering 
section ** signal for the light engine was received by him at the same 



time. At this moment all the up line signals at Dysart — distant, 
home, and starting — were at danger. In a few minutes he heard the 
light engine approaching, and judged from the noise it made that it was 
not prepared to stop at the home signal. He ran to the window, 
and tried to stop the enppne by shouting, but it dashed past his signal- 
box, and the coUisioo immediately ensued. 

The Company permit the use of the ** Warning Arrangement " in 
connection with goods trains, light engines, etc., but where passenger 
trains are concerned, the full ** Line Clear *' signal is alone allowed 
to be used. Between 8 and 8.30 p.m., the night was dark, with some 
slight mistiness, and rain falling. But there was no actual fog, and 
fog-signalmen were not called out during the night. None of the 
enginemen, or other witnesses heard, considered that the atmosphere 
was such as to render the services of fogmen necessary. Signadman 
Allan was therefore justified by the rules in accepting the light engine 
under the ** Warning Arrangements " in this instance. The evidence 
of station agent Thomson and relief signalman Clark bears on this 
point. 

Signalman Barker, stationed at Randolph, declares that the light 
engine was standing at his up starting signal, and had been standing 
there for at least three quarters of a minute, when, after receiving 
the '* warning '* acceptance, he lowered the signal for it to proceed. He 
argues that, in accordance with Rule 5 (d), the driver having been 
brought to a standstill at the starting signal, should have understood, 
when the signal was lowered, that the line was clear only as far as the 
home signal at Dysart. No one else actually saw the engine standing 
at the starting signal. Goodsi guard Black saw the engine moving 
past the signal-box towards the signal, and states that a few minutes 
previously he saw the starting signal from the signal-box. at which 
time it was at danger. But his evidence does not do more than prove 
that it was possible to see the lights of the signals at a much greater 
distance than that estimated by the enginemen. 

The statement of Tassie, who drove the light engine, conflicts with 
the statements made by signalmen Barker and Allan. 

It is difficult at any time to judge accurately whether a vehicle, 
which is slowly travelling away ttam one in a straight line, is moving 
or has stopped. On a dark night the difficulty is intensified. U is 
quite possible that signalman Barker may have been mistaken in 
thinking that the engine bad reached the starting signal 300 or 400 
yards away, and had come to a stand before the signal was lowered. 
Tassie*s statement, which is corroborated by fireman Boyle, that he 
received no warning, as indicated in Rule 5 (J), that the station at 
Dysart was occupied may be credited. 

The distant signal for Dysart had been working satisfactorily all 
the evening up to 8 p.m. This is certified by relief signalman Clark, 
who up to the time of his relief was able to see the back light of the 
signal, and thereby assure himself that the movement of the lever was 
being obeyed. About 8.15 p.m. the mineral train passed this distant 
signal, and driver Johnston and fireman Robertson vouch for the fact 
that it was then in the proper danger position. Between 8.15 p.m. and 
the time of the collision (8.24 p.m.) this signal could not have been 
lowered by lever movement, as the up starting signal was at ** danger ** 
the whole time, and the mechanical interlocking will not allow the 
lever for the distant signal to be pulled over until the levers of both 
the home or starting signals have been previously pulled over. It 
would be absurd to suppose that a ** danger *' signal properly exhibited 
will in the short space of about 8 minutes become a *' clear *' signal, 
unless it is wilfully tampered with. If this had been the case there 
would have been evidence forthcoming. In the absence of such 
evidence, Tassie 's statement that he saw a green light displayed can- 
no» he credited. 

Tassie is responsible for this collision, in that, although he probably 
received no warning at Randolph that Dysart station was blocked, 
the outdoor signals, both distant and home, were at danger when he 
passed them, there was no real difficulty in seeing these signals, and 
ne had ample brake power at his command to stop his light engine at 
the home signal if he had been keeping a proper look-out. He was 
rcg^sier-»d as driver in Feb. 1895, and is 45 years of age. His record 
shows six entries since his promotion to driver. Four for careless or 
rough working, resulting in two instances in the derailment of his 
engine; one of passing a signal at danger (in 1895) and one for 
failing to report his train becoming divided. All the witnesses are 
agreed that both he and his fireman, Boyle, were perfectly sober at 
the time the collision occurred. 

With regard to the acceptance of trains under the ** warning 
arrangement.** so long as it is possible to fulfil section (a) of the Rule 
in question, f.f., to stop and verbally caution a driver that the station* 
or junction is blocked, the arrangement affords considerable security 
bt-vond that provided by the out-door signals. On the other hand, 
if a train or light engine is allowed to proceed direct to the starting 
or advanced starting signal without any check at the home fligna*, 
and without any caution by word or flag, in accordance with section 
(d), it appears to be quite possible for a driver to fall to remember, or 
to understand, that the ** warning arrangement *' is in use, in which 
case there is no security beyond that afforded by the outdoor sctna- 
phore signals. The advisability of the use of section (d) of the 
^' warning arrangement,*' where there are steep falling gradients ta 
the home signal, as at Dysart. is therefore open to question. 
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brian Railways* 

Underframe for Plough Van; Assam-Bengal Railwav* 
Underframes (ShelTield and Twinl)errovv)*t 

Underground Electric Railways, Fires on London 

United States, Timber Supplv in the 

Upcott, K.C.V.O., C.S.L, Sir Fred. R 



PAOB 

104 
401 

4»3 
<j6 

3.S« 
209 



Vacuum Automatic Brake, .Austrian Imperial State Railways, 

Rapid-.Acting* 

Vacuum Brake (Gresham)*t 

Vacuum Brake Apparatus (Gresham)*t 35, (Gresham and 

Kiernan)*t 378 

Vacuum Brakes. Rapid-Acting 

Valve and Switch for Vacuum Brake, Heysham, Morecambe and 

Lancaster Section of the Midland Railway* 

Valve, Driver's Equalising Brake* 

Valve Gear of 4-6-2, or *' Pacific " Type Express Engines; Western 

Railway of France* 

Valve Gears of Locomotives 

Valves for Locomotives, Spencer*s Patent Relief and Drain* 
Van, Caledonian R,, 50ft. Corridor Passenger Brake* 

Ventilators for Railway Carriages (Beresford)*+ 

Victoria Station, Manchester, .Accident at 



M. 



189 

37 



146 

234 
164 

405 
142 

23 
267 

36 
138 



Wages for Paupers 40 

W^agon, Argentine Great Western R., Cattle* 14 

Wagon, Argentine Great Western R., Covered Goods* 13 

Wagon, Burma Railways, Hopper Ballast* 400 

Wagon Door, Lane's Pressed-Steel Corrugated* 177 

Wagon Doors (Sheffield and Twinberrow)*t 343 

Wagons (Bowles)*f 48, (Fox)*t 51, (Fried. Krupp)*t 410 
Wagons and Spreading Plough-Vans for Metre Gauge Railways, 

Ballast* 3<>9 

Wagons, 20-ton Ballast IIo|>ppr* 368 

Wainwright, Mr. Harry 73 

Waisler. Mr. W. H 1 

Walford, Mr. T. C. ... 349 

Warming .Apparatus for Carriages (Wild)*t 35 

Warner, Mr. 73 

Warner's Non-ParalH Axle Truck* 88 

Waterford and Kilmeadon, Accident between ... ... ... ... 345 

Waterhouse, Mr. Edwin 73 

Wath, Accident at* 70 

Wath Concentration Yard, Great Central Railway, 0-8-4 Thn-e- 

Cylinder Shunting Tank Engine for* 76, T12 

Wakefield's Patent Double Sight Feed Locomotive Lubricator* ... 120 

Webber, Mr. S. H. 311 

'• Webb *' Prize and Indian Premium, Inst. Civil Engineers ... 176 

Wedderburn, Mr. D. 311 

Wembley Park, Accident near* 347 

Western Railway of France, Valve Gear of 4-6-2, or '* Pacific " 

Type Express Engines* 405 

West Hampstead Station, .Accident at* ... ... ... ... 205 

Westinghouse Apparatus on Underframe showing H.T. and 

Rt» verse Chambers open* 238 

Westinghouse Apparatus showing Main Contactor and Pump 

Contactor Chambers open* 238 

Westinghouse Car, Diagram of Connections of, Heysham, More- 
cambe and Lancaster Section of the Midland Railway* ... 236 
Westinghouse Car showing Bow, and apparatus suspended on 
underframe, Heysham, Morecambe and Lancaster Section of 

the Midland Railway* 23J 

Westinghouse System of Heating Railway Carriages* 212 

West Kensington, Metropolitan District Railway, Signalling at* 214 

Whatlev-Tyler, Sir Henry 73 

Wheels*, Cast Steel, G.VV.R.* 63 

Widnes East Junction, Accident at 173 

Wigston Station, Accident near 415 

Willesden (High Level) Station, Accident at* ... ... ... ... 34(1 

Willmott, Mr. Russell 311,383 

Wilson, Mr. John 39 

Wilson. M.P., Mr. John Wm. ... 30 

Wilson. Mr. T. A 3<) 

Wilson, Mr. W. F 340 

Wimbledon, Accident near* 242 

Wolton, Mr. J. 30 

Wolverton, Lord 277 

Wood, Shrinkage of 100 

Workshop Plant and Machinery, Repairs, Renewals, Deterioration 

and Depreciation of* ... ... ... ... ... ... ... 374 

Workshops, On the Lighting of ... ... ... ... ... ... 312 

Wright, Col. John R. 243 

Wynne. CLE., Mr. T. R 209 
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tbePliosplior Bronze Co., Ltd! 

Specialists In Metallic Alloys. 
Founders, Casters, and Metal Rollers. 



o/fke ; Sumner St., Soathwark, London. S>E. 

HIGHEST AWARD. 

INDIA-RUBBER, 

Gold Medal, Paris Exhibition, 1900, 
Gi^nd Prix, Milan Exhibition, 1906. 

FOR MECHANICAL PURPOSES. 
BUFFERS, DRAW BAR SPRINGS, 
VAOaUlC BRAKE MATERIALS, AND 
GENERAL MEOHANICAL INDIA- 
RUBBER GOODS, 
FOR RAILWAY AND OTHBR PURPOSES. 

J. E. HOPKINSON & Co. 

Para Rubber IWiUs. West Drayton, MIDDLESEX. 



JAMES MCILWRAITH & Co.. Ltd.. 

VTATERPROOFERS. 

London ODce: 7,Vlctoria St., WESTMINSTER, S.W. 

Bnomloan Road» Ciovaii« QLASQOW. 

Spedatity: PREPARED ROOPINO for 

Otttaidc Roofs of Railway Carriages, &c. 



DIREOTOBT OF 8HIP0WVSB8. BHIPBiriLBEBS and 
MAEUrS XVOnrSSBB. 1907 Edition. 

/*n*« lO • net ^t free, 

Coouinc ttie N.tnies ami A>1i1ns<«4 of [Jinsctors ot Partners, with Chief 
oactAKiioeb ai> MAtUtf):M. Na*AJ Architects. Suixsrinteadent Emfinccn, 
BiUnne bipenuitctidentk, SUiv^' IfiutMnos, Stares Superintendents, Vktual- 
hOK SupcnntCDdnits. Shipj-otrJ (Hampers, Engine Works Managers, Chief 
t>raiu?huaa«n« iu-, of ^litparaiUsvf. Sirtpbufidinif. Marine Entfiiieerine and 
Dry Dgck-OMmtnc Kbtns, and otlier (vuticuUn. such a» tiervices. List of Boats 
irini TonttAite. &c Inde«eu iM Towns, Names of Officials. Names of Finns, 
and Nauun of Bunts, tndudin|£ Owners. 

Tha OOtlCTOBT fUBUIHKVO CO.. LA., 3. Lml^tc Circus Buildings, j 
L/tndon. B.C. 

Iff. R. SYKES, 

INTERLOCKING SIGNAL CO., LTD., 
Railway Sigfnalling Contractors. 

Sykes* Lock and Block Syatmn. 



ELECTRICALLY-WORKED SIGNALS 
AND SAFETY APPLIANCES 

LOIDOH ft GUS60W. Works, CliPHiH, S.W.^ 



SMOKE STACK BLACK 



A SpccUllty. 

M0 iBJELorr: 

LONDON. 

407, OXFORD STRBBT. 



Ltd. 



VARNISH MANUFACTURERS. 

E<tablinhM 18^. 



DENTON & JUTSUM 

MANUFACTURERS OF 

FINEST VARNISHES 

FOH RAILWAYS, Ac, 



VOIIS: BOW COUUON, LOmOI. 



TORBAY 

PAINT. 

lUffiMtered Trade Markt: 
" Wolston •' and " Galley's Torbay." 

THE TORBAY PAINT COMPANY, 

FroprUtoTB: STEVENS & Co., 
26, 27 & 28, Billiter St., London, E.G. 

▲L8O AT 

LIVERPOOL, BRIXHAM, AND DARTMOUTH, DEVON. 



George Powell'^ 

"Kork^ Bodp cm\m%. 

BEWARE OF IMITATIONS. 

nSt NBWOATg STREET, LONDON, E.C, 

POWER RAILWAY SI6NALUN6 

BY 

H. RAYNAR WILSON, 

lAte of thft Lanouhire sad Yorkshire and Midland Bailwars. 

(Author of " Mechanical BaUway Signalling.") 
POWER RAILWAY SIGNALLING U a companion 
to MECHANICAL RAILWAY SIGNALLING. 
It is now in the Press and will be published shortly. 
Upwards of 620 Illustrations. 
Royal 4to. on Art Paper. €lotli Bcrelled Boards. Price 18s. ; 
Post Free Uaftod Xlagdoa, I8s. 6d. ; Abroad, 19s. 
Co^s m^y now be ordered firom the Publishers— 

The Proprietors of '*TH£ RAILWAY ENGINEER,*' 

3, LuDGATB Circus Buildings, London, E.C. 



MANDER BROTHERS. 

Weae/ OffioB^ and Works : 
WOLVERHAMPTON. 



Maonfactarers of the highest class 

VARNISHES, COLORS, 
AND PAINTS 

FOR RAILWAY WORK. 



TUBES 



OF ALL KINDS FOR 



RAILWAYS. 

STEWARTS «"> LLOYDS 

LIMITED. 



41, Oswald Street. 
GLASGOW. 



Nile Street, 
BIRMINGHAM. 



SpeclaUte : LOCOMOTIYE WATER FEED PIPES. 

GALVANIZED 

FOR ALL PURPOSES. p-. ^ wvv^m 

WALL'S, Lmiteo. TANKS 

Crown GaJYanisliig Works. B'HAM. 



RAILWAY CARRIAGES. WA60II8. ELECTRIC CARS. ftc. 

[^urst, ^elson & Qo., J^td. 

Re^stered Office and Chief Works— 

THE eiASBOW ROLLINB STOCK and PLANT WORKS, 

MOTHER^VBLL. 



Workmanahipand Materials 

oftheHigheet 

aualitjr. 



lO^^^ 



Built to any 
SpeciflcatioQ or Oauge. 

PECKETT & SONS, 

ATLAS LOCOMOTIVE WORKS. BRISTOL. 



TYER&COMPANYL'" 

Electrical and Mechanical Engineers 

and Contractors, 

LONDON and CARLISLE. 

Offices: AsHwiN Street, Dalston, London, N.E. 
TeUfravu : Swltohmen, London. 

Contractors to H.M, Oovemtnent, Croivn Agents for 

the Colonies^ Colonial Governments, and all the 

Leading Railway Companies, 

Patentees and KaaufiMturers of every desoription 
oi Meehanieal R^lvmT liffnal Woik. 
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STEVENS AND SONS, 

Darlington Works, Signal Works, 

Soutfiwark Bridge Road, New City Road, 

London. Glasgow. 

The Original Inventors of the Semaphore Railway Signals, both with Wood and Lattice Iron posts as now in use ; also the most 
simple and eflective INTER-LOCKING LEVER APPARATUS, as approved by the Government Inspectors of 
the Board of Trade for carrying out the perfect BLOCK SYSTEM, and adopted on all the principal Railways and 

Branches in the United Kingdom, and also on the Continent. 

SOUTHWARK ENGINEERING AND MODEL WORKS, 

{WRIGHT, CLARK Ssf WALLIS,) 

157, SOUTHWARK BRIDGE ROAD, LONDON, S.E. 



MaKera of 



SCALE WORKING MODEL LOCOMOTIVES, STATIONARY ENGINES, BOILERS, &C. 

ALSO OF 

Castings for Models to Customer's or own Patterns and Designs. 

Inventions carried out and advised upon, and Patterns made to Drawings. 

HOWELL & CO., i agas-is.-^' S HEFFIEM 

Mannbcturers of ail kinds of ^^ ^^^ ^°"™°™'^^^^^"'^ ^^^^ ^^— ^S^i^^^ Manuiacturers of all kinds of 

BIi.t.r. 8h«ir. SpHn«. ^■uSSCII^^^^^^^^^^^n '^~':??* '~l/r5'!rf^* 



and Cast Steel* Files, ^^^^^^^gSS^^^^^^S^^^i^^^^^^ of every descripUon. 

^■■^^■■■■■■^^IHHIHHHHII^^ FiHIn^, &c. Also 

HOWELL'S PATENT HOMOGENEOUS METAL & CAST STEEL TUBES. 

CDCPIAI ITV I SELF-HARDENING STEEL 
OrtblMLI I I i FOR TURNING TOOLS. 

"W Wm. WARNE & Co., Ltd. "W 

TRADE MARK ^ TRADB MARK 

INDIA RUBBER MANUFACTURERS, 

Patentees of Red Mineralised Rubber, Moulder Seamless Hose, 

BUFFER AND DRAW BAR SPRINGS, 

VALVES, WASHERS, SHEET-PACKING, GAS TUBES, AND HOSES, 

BRAKE AND HYDRAULIC HOSE PIPES, 

Junction Rubber Tyres for TrucK and Trolley Wheels. Puddlinf Boots» Wa^on Covers, Gas Bass, Mats and MsttinT- 

Squeecees, Waterproof Coats, Capes, Leggings, etc 

29, Qresham Street, London, E.G. Mills, Tottenham, Middlesex. 
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Telegrams-HOLLANO, ^VORCESTBR. 



ABC (4th and 5th Editions) and A I Codes. 



MCKENZIE d HOLLAND, limited. 

RAILWAY SIGNAL AND INTERLOCKING ENGINEERS, 

Block Telesraph.Slnsle Line Safety Appliances, a Eeonoinle«I Specialities for Light Railways. 

POWER INSTALLATIONS. 



"WESTINGHOUSE" """"^Pyiyfr*"*^ 



Affentsforthe Proprietors In Great Britain off the 

" TAYLOR '' ALL ELECTRIC SYSTEM. 

HEAD OFFICE A WORKS -WORCESTER, England. London offffice-61, SINCLAIR ROAD, W. 

Works also at MELBOURNE, VICTORIA; and BRISBANE, QUEENSLAND. 



RAILIVAY CARRIAGES and IVAGONS : their Design 
and Construction. By Sidney Stone, M.I.Mech.E. 

L«t« AuU Loco. Work! aisaager, Oreftt Central R.. late Aist. Genl. Manager, Metro- 

galiuo It. Carriage and Wagon Co., and late of AshburT's R. Carriage and Iron 
a., and of the Great Eaatern and the London and Sonth Western RailwaTs. 
Bojral 4to ilS ioe. hj 10 ins.), cloth, limp, on art paper. 

Pa^t I.— Chapters I. to TJI. (reAiy).— Timber; Wood-working Machinery; Under- 
fraavsi Bnffert; Draw Gear and Wroo^ht-iron Details; Wheels, Axles, and Axle-boxes; 
Bogies and Flexible Wheel<bases; Continuous Brakes; Index to Part I. Illustrated bj 
opwarda of 360 Dra«rlngi, Wood-cats, fto. 

Part II.— Chapters VIII. to XIV. {nearly rsody).— Lighting, Heating, and Venti- 
latiBg; Carriage Bodies; Painting and Varnishing; Trimming; Upholstery; Fumituiv 
Lavatory, and other Fittings; Passenger Communication; Mail Vans, Bicycle Vans, Horse 
Bcxta, special and tvplcal Saloons and Carriages; Wagons of all kinds; Speoifloations 
for Carrlagee and Wagoni; Hints to Inspectors; Index. Illustrated by oTer S26 
Drawings. Wood-CQts, *4>. 



oarriaee. and wap-ni. '''''^ '"^^'SJ^ ^^"""^^ *^,*^' ^•!*^° '^^ construction of railway 

mi^f^J!/ f« ^!?' We have seen few works on engineering subjects better 

Illustrated; amongst so many good chapters it is difficult to pick out any special subjects 

X!J5^ i^ °?®°- • • / Carriage underframes are next dealt with, and fn this chapter 
S?. to te ft'TiS^ hndt ^i^K '?' different classes of vehicle, from six-wheelSd 36 fr^dy 

up to 65 ft. 6 in. body, with six-wheeled bogies Wheels, axles and axlii.hoT«. 

make a good section, and the subject rSceives the treatment itdeieJJe, 

inus'ir^JtVd" with"dItan^J.A*i^' "" I"' ^^'S */*'^'» "P».~*« ^°^"' oil cr7rease, being 
ImJih. • ^ ^n**^' ®' y*- "i",* important accessories, lubricating pads, and dust 
«f wl;n;^*^;.-in^°^'?'' '^*^ .""'^i* ^****i ?*~* *" thoroughly examined with the a?d 
of working drawings, twenty-four bogies being shown. . ... The last chanter on 
•Continuous Brakes.' deals with the two sys&ms. Vacuum and Westinehouse GoSd 

drawing, are given The concluding volume will ?e l"Ld for w^^^^^^^ 

Ths Engineer. 

Price, bound cloth, 10s. 6d. net ; Post free', U.K., Us. ; Abroad, lis. 6d. each 
part. 



Order direct from the Pnblishers of "The Railway Engineer," 3, Lndgate Circus Bniidings. London. England. 



RAII.WAT SIGNALS AND SAFETY AP PLIANCES. 

ELECTRIC INTERLOCKING 

Gold Medal. Crystal Palace, 1892. 

SAXBY & FARMER, Ltd. 

Engineers, Ironfounders, Manufacturers, 
AND CONTRACTORS 

for all kinds of Railway Signals, Locking and other Levers, 

Level Crossing Gates, Lamps, Rod and Wire Connections, Wheels, 

Cranks, Fittings, &c. 

Wrought Iron and other Posts for Electric Lights. Improved 
Block Telegraph Instruments, Sec, 

Sptaal Export Prices and Terms to Merchants^ Contractors, and 
Skippers, for Colonial and Foreign Railways, 

Head Offices; B3, VICTORIA STREET, WESTHINSTER, LONDON, S.W. 

Works-CHIPPENHAM. WILTS. 



GOLD MEDAL, 
LIVERPOOL, 1886. 



GOLD MEDAL, 
EDINBURGH, I886' 



RAILWAY SIGNAL CO., ltd.. 

Fazakerley. UVERPOoL 



Telephone- 
No. 15 Walton* 



Telegraphic Address— 
LONDON OFFICE^ "®**''*'' Liverpool.- 

Sanctuary House, Westminster, S.W. 

TcUphoMt^56j IVestminstcr. TeUgrams, '* Condensation, Lofuhnr 
Manufacturers of 

RAILWAY SIGNAL CABINS, INTERLOCKING 

LEVER FRAMES, -"<> 
SIGNAL WORK OF EVERY DESCRIPTION. 

Poll*?' ^% oF'^T* Sy»*««" of Electrical Power Plant fiwoThlni 

Points and Signals as ejftenslvely fixed by the L. d N. W Rv r« 

Licensees for Great Britain for Bleynle 6 Ducousso sysi^nTif fiw.; 

WorkliK a» fixed on the French Government Railwayt ^^^^'^ 
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To Locomotive and Railway Carriage Superintendents. 



Telttgr«ms-W£DGE, LEEDS. 



LOCKENCAN. LONDON. 



Telephones— Leeds S06. 



London, Holbom 1847. 



KAYE'S PATENT AUTOMATIC SAFETY CARRIAGE DOOR WEDGE LOCK. 

(Fitted with or without Inside Handle). 

KlA^yE'S I'.A.TEITT S-AJFETTT O-A^TOIH. 

KAYE'8 PATENT OUTSIDE HANDLE, made to any pattern. 

Also KAYE'8 NEW PATENT for AUTOMATICALLY FASTENING SLIDING 

DOORS of CORRIDOR CARRIAGES or TRAM CARS. 

After many years' trial a good demand has been made or KAYE'S PATENT WEDGE LOCKS, and reference may be made to the following Railway 

Companies, viz., Great Eastern, North Eastern, Great Northern, London and South Westerii, South Eastern and 

Chatham, Lancashire and Yorkshire » Great Central, The Furness Railway, &c., &c. 

Apply for Samples and further particulars to the sole makers, 

JOSEPH KAYE & SONS, Limited, 93, HIGH HOLBORN, LONDON, W.C 

WORKS :-HUNSLET, LEEDS. 

GEORGE SPENCER, MOULTON & Co., Ltd. 

77, CANNON STREET, LONDON, E.C., 



AND 



BRADFORD-ON-AVON, WILTS, 

MECHANICAL ENGINEERS FOR INDIA RUBBER APPLICATIONS. 

Manufacturers of Patent India Rubber Buffer & Draw Springs. 

Fibrous Steam Packing, Hose Pipes, and ail Uads of India Rubber Articles for Raliway and other Mecliaaical (Purposes. 

Sole Licensees for A. Q. Spencer's Patent Buffer and Draw Springs. 
SOLE LICENSEES FOR ANDERSON S PATENT VENTILATORS FOR RAILWAY CARRIAGES. 



CRAVEN BROTHERS LIMITED, 



Established 1853. 
Telephone No. 659. 



MANCHESTER AND REDDISH. 



Telegrams : 
*' Vauxhall, Manchester." 



HIGH CLASS 

ACHINE TOOLS 



FOR 



Railway & Marine Engineering Shops, dc. 



ALL TYPES AND SIZES OF 

ELECTRIC CRANES 



FOR 



Railivays, Docks, Harbours, dc, dc« 



STEAM AND HAND BREAKD OWN CRANES. 

Ground Traversers for Locomotives and Carrlagesy Turntables, Electric Capstans, Ac. 



Simple 
and moat 
durable 



For all 
claaaea of 
Efiainea. 



METALLIC PACKING 

MANY THOUSANDS IN USE 

On English, Colonial and Foreign Railways. 

Specially adapted for Refrigerating Machinery. 

United Kingdom Packing: fitted with our Patent Lubricator 
ensures absolute satisfaction. 

THE UNITED KINGDOM SELF-ADJUSTING ANTI-FRICTION METALLIC 
PACKING SYNDICATE, Limited, 

14, COOK STREET, LIVERPOOL. 



PERMANENT VTAY for TRAMWAYS and STREET 
RAILWAYS. By Thos. Arnaix, Assoc. M. Inst .C.E. 

Cka^ters»—l^ Rules as to Construction and Maintenance; 2, Concrete Foondationa 

3, Paring; 4, Rails; 5, Joints; 6, Points; 7, Crossings; 8, BolU and tU Baza 

9, Transition Curves; 10, Temporanr Track; 11, Track Drains; IS, Tcatoaefa 

18, Tools snd Appliances; U; Bonding. Appendix: I., Transition Cttr««tt II., 

Corrugated Rail Surface ; lU., Patents ; IV., Acts, Model Orders, and B. of T. 

Publications. Price 12s. fA,, bf post ISs. 

*' The Volume is a thoroughly practical one .... and it may be cordially ra 

mended to engineers and managers who want to obtain a oomprehensiYe grasp of the ( 

plexities of tramway work.*'— AYec^rteoi Invrstmrntji. 

*• . . . is an exhaustive scientific work on tramway construction AlUkOturh 

strictiy technical, the author writes with an ease and lucidity of expression frequently laekiiwm 
works of this class, and his experience .... make the volume one of exceptional raluf .'* 
— The Light llaUway and Tramtoay Journal, 

**.... is well up to date and a useful and practical guide and reference to all tho»e 
interested and concerned in the subjects of which it treats."- /V Engineer, 

In reviewing the year's literature Thr Engineer remarks that the book is a ** my 



practical book 



written by one who knows his work. 



Order from the Publishers of •• The Railway Engioeer,** 3, 
Ludgate Circus Buildings, Loodooi England. 
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THE VACUUM BRAKE 
COMPANY, LTP 

SUPPLY 

STANDARD EQUIPMENT, NOT IMITATIONS. 



ELECTRICALLY DRIVEN EXHAUSTER FOR USE ON ELECTRIC STOCK. 

Brakes for High-Speed Passenger and Lon)^ 
Loose-Conpled Goods, also Electrical Stock. 

THE VACUUM BRAKE CO., Ltd., GRESHAM & CRAVEN, L td 

32, Queen Yietoria Street, Londoo, E.C. Salford, Manchester. 

Telephone I 5534 BANK. A.B.O. and Al Codes used. TeleEmms "SOLUTION, LONDON." 
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INJECTORS 

(All ncMMaS! v^''«« "iKttined). Of cvcfy description, lor Locomotive and other Boilers. 

Original Inventors of Combination Injectors. 

Special Injectors for Hot Water 

Thousands In use In all parts of the World. 



OTHER SPECIALITIES. 

I Steam and Vacuum Brakes, Train Warming Apparatus, Steam or Air Sanding 
I Apparatus for Locomotives, &c., &c. 

^ DESCRIPTION AND ALL INFORMATION GIVEN ON APPLICATION. 



mwxoH 



ESHAM & CRAVEN, Ltd., Manchester. 

LONDON OFFICE: 110, Cannon Street. E,C. 

SGOV^ I W. LESTER & SONS, 11, West Regent Street. NEWCASTLE : TANGYES, Limited. 

PARIS X W. STRAPP, 15, Rue de Madrid. 



William Beardmore & Co., Limited, 

PARKHEAD, GLASGOW. London Office: 36, Victoria Street, WESTMINSTER, S.W. 

Manufacturers of SIEMENS' STEEL. 

LOCOMOTIVE CRANK AXLES. 
Xjooomotive a.nd Tendex* Ancles a.nd Tyz*es. 

CARRIAGE and WAGON AXLES and TYRES. 

WHEELS and AXLES finished complete. 

PI ATrO for Boilers, Frames, and General Railway Purposes. All Descriptions and Dimensions pAQTIMPQ 

f LA I LU 1*0 Board off Trade, I.8.R., Ac, Ac, stipulations and requirements. uAu I llluda 

VICKERS, SONS & MAXIM, LIMITED 

London Offices 28, VICTORIA STREET, WESTMINSTER, S.W. 
Manufacturers of "SPECIAL" quality 

CAST STEEL LOCOMOTIVE AND TENDER TYRES AND AXLES, 

CAST STEEL LOCOMOTIVE CRANK AXLES, 

CAST STEEL CARRIAGE AND VS^AQON TVRE5 AND AXLE5, 

And all descriptions off Forginss and Castings ffor Locomotive use. 
SOLID CAST STEEL CROSSINGS. TOOL STEEL OP ALL DESCRIPTIONS. 

ELECTRIC GENERATORS. ELECTRIC MOTORS. 

Complete Equipments for Electric Driving or Lighting of Factories. 
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WALTERS ELECTRICAL 
MANUFACTURING CO., L" 

Kensal Rd. & Conlan St., London, W. 

Contractors to the majority of the British 
Railways and to Foreign and Colonial 
Railways In all parts of the World. 

flANUPACTURBRS OF . . 

All descriptions of 

BLOCK-SIGNALLING APPARATUS, 

including one-wire, tbree-indication, and 

INTERLOCKING BLOCK INSTRUMENTS. 

REPEATERS, TREADLES, TELEGRAPH 

INSTRUMENTS, TELEPHONES, BAT- 

I TERIES, LINE MATERIAL, Etc.. Etc. 

instruments designed or schemes drawn u^/gr sfecimi ^uf- 
Poses. Illustrmted General Catalogue free on applicotion. 



The Oldest Trade Protection Office in tlie United Kingdom. 



DBISO? A T=IX.iaB: J2X> ITVe. 



PERRY'S Trade Protection Dices 

i,W, R. PERRY, LIMITED), 

26 & 27, Bush Lane, Cannon St., London. 

SutUK Inquiries made as to the po<>ition and standing of Traders and others. PERRY'S 
GAZBTTE AND LISTS OP CREDITORS are pubUshed weekly, and aie 

nvaiuable to every one in busine<is. Debts recovered and paid over 

promptly* Particular attention is called to the fact that this is the only Trade Pro- 
tection Society that po&sesses at its Offices in London Registers containing full 
Bankruptcy and other Regltfered Information, together with Status Information for the 

vrhole off the Three KInsdoms. 



TERMS from O ts, upwards, according to requirements, PROSPECTUS and 
further particulars on application to the above Offices. 



Hulburd's Patent 
SEAMLESS SOFT COPPER JOINTINGS 



SCCTION No. I. 
Section No.2. 
Section No. 3. 
Section No. 4. 

♦ 

Section No. 5. 



Cut from the solid plate and machined all 

over. As supplied to H.M.'s Government 

and all the Leading Rall^vay Companies. 



ARE 
ABSOLUTELY 


jT ANY SIZE 


SEAMLESS. 


1 ANY SHAPE 



Section No.6. 
Section No.7. 



Section No.7a. 
Section No. 8. 
Section No. 8a. 



Require no red lead or other fillings. 

May be used over sind over again. 

Have been tested to 2,000 lbs. per square inch 

pressure. 
Hand scraping of Joint Faces unnecessary. 
Avoid cheap Imitations, generally painted or 

enamelled to conceal soldering* and specify 

Hulburd's Seamless Soft Copper Jointings, 

ivhich remain tight under all pressures and 
conditions, and have 
NEVER BEEN KNOWN TO FAIL. 

Supplied in Circles, Rectangles, Ovals or to any 
Special Shape. 

For full particulars, samples and prices apply to— 

THE HULBURD ENGINEERING CO., LTD., 

150, Leadenhall Street, LONDON, EX. 



ECONOMICAL LIGHTING FOR RAILWAY STATIONS. 

Particulars off Stations already lls^hted win be sent on application. 

ACETYLENE=ALLEN'S patents. 



ABSOLUTELY SIMPLE. 

NO VALVES. 
NO CHAINS. 
NO LEVERS. 
NO PULLEYS. 

A PORTER CAN WORK IT. 



PLATFORM LIGHTS 

CAN BE 

TURNED LOW 

BY 

THE ALLEN PATENT 

" Turn-Low Tap." 

SECURING MAXIMUM ECONOMY. 



J 



THE ALLEN COMPANY 



106, Victoria St, S.W. 

Digitized by VjOOQ IC 



viuv 



The Railway Engineer. 



12 . 1908. 



<i 



GROVER SPRING WASHER" NUT LOCK „,„„„,- , . 

A ^'wwx y E> E. M E. B^ w f ISH BOLTS ("on Of Steel). 

GIVING A BOLT ACTIVE ENERGY . . - ROLLING STOCK, «•* 
IN ADDITION TO PASSIVE RESISTANCE GENERAL PURPOSES. 




GROVER & CO., Limited, WHARF ROAD. LONDON, N. -AD%^.ir^NroH. 



««.«m«««« --._, a *^ « a^ #%■ ifVI^I/^ FOR ROOFS, SKYLIGHTS, and 

SIMPLEX LEAD GLAZING, . . . HORTicui.TURAt. work. 



JL 



NO SPECIAL CONTRACT REQUIRBD. 



ANY QUANTITY SUPPLIED. 



Write tor illaatnUoaa, Teatlmoalmla mad tall pmrilcalan {aeat poat trta). 



GROVER & CO., Limited, Wharf Road, City Road, LONDON, N. 



X 



McKENZIE & HOLLAND, L™ 

Railway signalling of every description. 

POWER SIGNALLING 

carried out in conjunction ^vith 

THE MCKENZIE, HOLLAND. AND WESTINGHOUSE 

POWER SIGNAL CO.. L'^^- 



Head Offices: 58, Victoria Street, London, S.W. 

Telegrams: " Macksig, London." Telephone: 890 Westminster. 

Works : Worcester, England. 
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Motor Railway Inspection Cars 



FRANCO- 
BRITISH 
EXHIBITION, 
MACHINERY 
HALL, 

STAND No. 674. 



Any dBmign of Oar 
iiuoiBd form 



Reverse civing equal 
speeds in either 
direction- . - - 

Can be built to 

any faufe. - - ■ 

Very accessible 
reliablot speedyt and 
economical. - - - 



fO H.P. 4-8BATBD CAR. 

*' They pay for themselves in a year or less. Inspection whicii requires a locomotive, coach, driver, fireman and ^ard Is too 
costly for frequent use. Inspection from the tail end of an ordinary train is a farce. A railway cannot afford to do without 
inspection, and a motor Is the cheapest way of doing it properly.*' 

Write for Catalogue No 2, showing various types of Cars, to 

J^TtEYilTVY CAR COI^PANY, UTD., 
13, SOUTH PLACE, LONDON, E.G. 



DIXON'S 
SILICA-GRAPHITE 

PAINT 

used by H.M. Government and the 

leading home and Colonial Railways 

for the 

PBOTECTION 

of 

IRON AND STEEL STRUCTURES. 



KNOWLES & WOLLASTON, 

26, Victoria Street, Westminster, 

S.W. 



TUDOR ACCUMULATORS. 

STATIONARY and PORTABLE BATTERIES 

for TRACTION, RAILWAY SIGNALLING, 

TELEGRAPH and TELEPHONE 1VORK, etc. 



TRAIN LIGHTING BATTERIES, 
CONSTANT POTENTIAL DYNAMOS, 
COMPLETE EQUIPMENTS with SELF- 
REGULATING IRON V^IRE RESISTANCES. 



THE TUDOR ACCUMULATOR CO., LTD< 

//9, Victoria Street, LONDON, S.W. 



Worki: 
Doklnfield, near Manchester. 



Telegraphic Address : " Sobcomioal, Lomdom." 
Telephone: 24yiCTOBiA, Lohdom. 
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THE 

VACUUM AUTOIVIATIC BRAKE 

Standard Interchangeable Fittings. 

MANUFACTURED BY THE 

CONSOLIDATED BRAKE & 

ENGINEERING Co., Ltd., 

Spencer House, SOUTH PLACE, LONDON, E.G. 



SUITABLE 


f 






PATENT 


FOR GOODS 








RAPID 


TRAINS OF 








ACTING 


ANY LENGTH. 




3 




BRAKE. 




PATENT 


" SEE-SAW " 




Brake 


Rigging 


Wear 


Compensator, 




aiVINQ HIGH 


EFFICIENCY BRAKE POWER.^ 





Works— SLOUGH. Telegrams—" VACUO," LONDON. Code ABC, Fifih Edition. Telephone— 2710, LONDON WALL. 
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GEO. TURTON, 

RAILWAY BUFFER & SPRING WORKS, 



TKADC 




MARVil 



PLATTS & CO. 

SHEFFIELD, ENGLAND. 



ON 
WAR OFFICE LIST. 



Tele^phlc & Cable Addresses— 

••BUFFER, SHEFFIELD" (ABC Code.) 
"COUPLER, LONDON." 



National Telephone- 
No. 1370. 



ON 

ADMIRALTY LIST. 



Group of Springs for 9.2in. Barbette 

Gun MounUng* for the BRITISH 

IGOVERNMENT. 

These Springs arc 32^ in. long ; 14 in. 
diameter ; Resistance 15 tons ; action 14} in. 
The two short Springs in front are Engine 
and Tender. Intermediate Buffer Springs, 
10^ in. long; 11}^ in. diameter; 2 in. sq. 
steel ; Resistance 20 tons. 



Matthew's 
Patent Buffer. 

Ai ftdoptod br the Oreat 

Wettcm Raflway. and 

m-iny other lanje railw*p«. 



PLATTS-TtJRTON 

Patent Socket 
Plunger Buffer. 



IP "BULLDOC"»"CRIPWELL" 





^■^ Are invaluable for RAILWAYS, TRAMWAYS, ELECTRICAL 

" "* .— __ .^ ^_ Tut 

"ButLDoa" PLANT, COLLERIES, MOTOR CARS, "qripwell" 

■ attcm. ' Pattern 

AND ALL KINDS OF MACHINERY SUBJECT TO VIBRATION. 

HOBBS M'FG. CO., S9I61, Hatton Garden, LONDON, E.G. 

Telephone No.i HOLBORN, 2,2S4. Telesraphlc Addressi <• SLOGAN, LONDON.*' 

Wanted : Sole Representative for Bristol and West of England. 
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THE 



Phosphor !ronze Company. 

XjXIs/LTT^JD. (ImorporaUd 1874) 

87, Sumner Street, Southwark, London, S.E. 

and Chester Street, Aston, Birmingham. 

sole Makers of the ''COG WHEEL 

Original BRAND " 

^^^ "Cob Wheel Brand." 

" Phosphor Bronze " 

Tbe best and most durable Alloys for Bearings. Bushes. Slide Valves, and parts of Machinery exposed to friction and wear. 

Supplied In ingots and Castings. 



Special qualities of Bronze and Gun Metal 
ROLLED PLATES, BARS, STRIP, AND ROD. 



Ingots and Castings in all Bronze Alloys, 
Brass, Gun -Metal, and in Aluminium Alloys. 

''Vulcan" Brand BABBITT METAL, 

IN NINE QUALITIES. 

Plastic White Metal the finest for lining bushes, &c. 

AS SUPPLIED TO THE ^NAR OFFICE, INDIA OFFICE, &C. 

CHEAPEST WHITE ANTIFRICTION METAL, " WHITE ANT " BRAND OF 

Genuine Magnolia Metal and similar Alloys. 

'' WHITE ANT BRONZE." A SUPERIOR QUALITY OF FENTON METAL FOR CASTINGS. 

PHOSPHOR TIN AND PHOSPHOR COPPER. "COG WHEEL BRAND." 

The Most ReilaDle in the Market. 



Please specify the manufacture and brands of the Phosphor Bronze Company, Limited, SOUTHWARK, London, to prevent Imposition and error. 
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(NEARLY TWENTY-THREE MILLION) 



Shipped from Cardiff (Including Barry and Penarth) during the year 1907 



ON 

GES 



HENR 



HbaoOffick: TtLMPLE ST.i BIRMINaiiAIVI. 

MfWto /Of* D§»awingm and £9UmatB itof* WBlgbbHdgB to Suit yout^ own Roqulremnnimm 



METALLIC 



PACKING 

FOR LOCOMOTIVES. 

Increases power by 

Decreasing friction. 

UNITED STATES 
METALLIC PACKING 

AND 

KENRICK'S 
METALLIC PACKING 



Used all over the World. 

United States Metallic Packing Co., Ltd. 

BRADFORD, England. 

London : no, Fenchurch Street, B.C. 



WESTINGHOUSE BRAKE 

STANDARD ON MORE RAILWAYS 
THAN ANY OTHER BRAKE 



WESTINGHOUSE CHAINS 

(MORSE PATENTS) 

For all kinds of power transmission. 

Most Silent — Highest Efficiency — Minimum 
Lubrication. 



AIR COMPRESSORS 

For driving by steam, electric-motor, belt, or axle. 



Manufactured by 

THE WESTINGHOUSE BRAKE CO., LTD. 

82, York Road, London, N. 
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ACETYLENE LAMPS. 

Allen Company, 106, Victoria Street, Westminster, S.W. 
Wake+ield & Co.. C. C, 27, Cannon Street, London, E.G. 

AERIAL ROPEWAY CONVEYORS. 

White & Sons, R., Engineers, Widnes, Lancashire. 

AIR BRAKES. 

Gresham & Craven, Ltd., Ordsall Lane, Salford, Man- 
chester. 

Westing^house Brake Co., Ltd., 82, York Rd., 

London, N. 

ANTI-CORROSIVE PAINTS. 

Wailes, Dove & Co. (1906), Ltd., Newcastie-on- 

Tyne, &c., Patent " Bitumastic " Solution. 

ANTI-FRICTION METAL. 

Dewrance & Co.. 165, Great Dover Street, London '• Wheel," 
" Axle," and " Bearing " Brands. 

Glacier Anti-Friction Metal Co., Ltd., 112a, Queen 

Victoria Street, London, E.G. Sole manufacturers Glacier Anti- 
Friction Metal. 

Piiosphor Bronze Company, Ltd., 87, Sumner St., 

Southwark, London, S.E. Sole makers of the Original " Gog 
Wheel " and " Vulcan " Brands of " Phosphor Bronze^ ; the best 
and most durable Alloys for Bearings, Bushes, Slide Valves, and 
parts of Machinery exposed to friction and wear. 

AXLE-BOXES. 

Oiibatii Axlebox, Fittings & Engfineeringr Co., 

Ltd., Hut ton Works, Parkfield Road, Saltley, Birmingham. 

Summerson & Sons, Ltd., Thomas, Darlington. 
AXLES. 

Beardmore & Co., Ltd., Wm., Parkhead Forge, Rolling 
Mills and Steel Works, Glasgow. 

Brown Bayley's Steel Works, Ltd., ShefHeid. 

BABBITT'S METAL. 

Phosphor Bronze Co., Ltd., 87, Sumner St.,s.E. 

BATTERIES. 

Tudor Accumulator Co., Ltd., The, 119, Victoria 

Street, London, S.W. 

BLINDS* Railway Carriasre. 

LayCOCk, Ltd., W. S., Victoria Works, Millhouses, 
Sheffield. Manufacturers of the Patent Blind Roller. 

Peters & Co., G D., Moorgate Works, Moorfields, London, 
E.G. Manufacturers of the Patent Adjustable Railway Carriage 
Blinds. 

BLOCK INSTRUMENTS. 

Waiter's Electrical Manufacturing: Co., Ltd., 
Works and Offices, Kensal Road, and Gonlan Street, London, W. 

BOILER PLATES. 

Leeds Forge Co., Ltd., Leeds. 

BOILER TUBE BRUSHES. 

Rowat & Co., Alex,, 18, Watson Street 
(late 25, Gandleri^s), Glasgow. 

BOILER TUBES. Iron and Steel. 

Howell & Co., Ltd., Sheffield Tube Works, Sheffield. 

Russell & Co., Ltd., John, Alma Tube Works, Walsall. 
Lap- welded Iron and Steel, and Solid Drawn Steel. 

Russell & Sons, Ltd., James, Grown Tube Works, 
Wednesbury. Iron and Steel Boiler Tubes. 

Stewarts & Lloyds, Ltd., Nile Street, Birmingham. Steel 
*nd Iron Boiler Tubes and Fittings for Railway requirements. 



PORTABLE 

ACETYLENE 

LIGHTS. 

Facts and FIgoits prove 
them a sound Investment. 

EASY TO CLEAN. 
EASY TO HANDLE. 
EASY TO UNDERSTAND. 

riADr iicuTC 



Capacity, 6 hours and 12 
hours at 3,000 c.p., oi.e 
charge of carbide. 

HAND FLARES 

Each 250 to 500 c.p. 



Gapacity, 8 hours at 500 c.p. 

PATENT ADJUSTABLE ft 

SELF GLEANING BURNER. 

Flame can be adjusted 

wbtle working by simply 

turning the spindle of 

Burner. 

NO SMOKE- NO SMELL. 
NO BURNING SPRAY. 

No attention required 

. while worlclnff. 

Fu/i particulars from the 
Patentees — 

C. C. WAKEFIELD 

AND CO., 

27, Cannon Streeti 
LONDON, E.C. 



BOLTS and NUTS -"Orover Spriner Washer* 
Nnt Lock* 
Grover & Co., Ltd., Whan Road, London, N. 

BRAKES-RaUway. 

Consolidated Brake & Eng^ineering: Co., Ltr^., 

Spencer House, South Place, London, E.C. 

Gresham & Craven, Ltd., Ordsall Lane, Salford, Man- 
chester. 

Laycock, Ltd., W.S., Victoria Works, Millhouses, Sheffield. 
Patent either-side Wagon Brake. 

Vacuum Brake Company, Ltd., 32, Queen Victoria 

Street, London, E.C. 

Westfnffhouse Brake Co., Ltd., 82, York Road, Lon- 
don, N. 

Warne & Co., Ltd., Wm., 29. Gresham Street, E,C. 

BUFFER and DRAW-BAR SPRINGS. 

Snencer. Moulton & Co., Ltd., George, 77> Cannon 

St., London, E.C. 

BUFFERS. 

Turton. Platts & Co., George, Patent Bufler, Steel, 
and File Works, Sheffield. All kinds of Side Buffers, suitable 
for Locomotives, Wagons, Carriages, &c Platts-Tortoo Patent 
Socket Plunger Buffer, as used on the principal Railways in Gre&l 
Britain and Abroad. 

BUFFER-STOPS. 

Summerson & Sons, Ltd., Thomas, Darlington. 
OARRIAQES and WAGONS (RaUway). 
Birmingrham Railway Carriage & Wagon Co., 

Ltd*, Smethwick, near Birmingham. 

Cravens, Ltd., Darnall, Sheffield. 

Hurst, Nelson & Co., Ltd., TheGhisgow Rolling Stock 
and Plant Works, Motherwell. Branch Works : Chatsworth 
Wagon Works, near Chesterfield, and Bridgend Wagon Works, 
Bridgend, Glamorganshire. London Office : 14, Leadenhjdl 
Street, E.C. ; Manchester Office : Northern Assurance Buildings. 
Albert Square. 

Leeds Forge Co., Ltd., Leeds. 

Metropolitan Amalgamated Railway Carriage 

Bl Wagon Co., Ltd., Saltley, Birmingham. Incorporat- 
ing The Ashbury Railway Carriage and Iron Co., Ltd., The 
Lancaster Railway Carriage and Waj^n Co., Ltd., Brown, 
Marshallsand Co., Ltd.,Metropoliun Railway Carriage and Wagon 
Co., Ltd., and The Oldbury Railway Carriage and Wagon Co*, 
Ltd. London Office: 36, Victoria Street, Westminster, S,W. 

CARRIAGE LACES and LININGS. 

Peters db Co., G. D., Moorgate Works, Moorfields, London, 
E.C. 

Wood, Ltd., Jolin A., Mount Street Mill, Harpurhey, 
Manchester, and 116, Newgate Street, London, E.C. 

CARRIAGE (RaUway) FITTINGS. 

Wilkes, Samuel Excelsior Works, Bloxwich. 

CASTINGS. Iron. 

Summerson & Sons, Ltd., Thomas, Darlington. 
CASTINGS, Steel. 

Beardmore & Co., Ltd., Wm., Parkhead Forge, Rolling 
Mills and Steel Works, Glasgow. 

Vickers, Sons & IWaxIm, Ltd., Sheffield. Manufac- 
turers of "Special" Quality Cast Steel Locomotive and Tender 
Tyres and Axles, Cast Steel Locomotive Crank Axles, Ca.n Steel 
Carriage and Wa^on Tyres and Axles, and all descriptions of 
Forgings and Castings for Locomotive use. 

COPPER sJOINTINGS, Seamless. 

Huiburd Engineering Co., Ltd , 1501 Lcadenhali Street, 
E.C. 
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CRANES 

Craven Brothers Ltd., Vauxhall Works, Manchester, and 
Reddish, Stockport High-class Electric Cranes and Machine 
Tools. 

Smith & Sons, Thomas, Old Foundry, Rodley,Nr. Leeds. 

CURLED HAIR. 

LaycOCk, Ltd., W. S., Victoria Works, Millhouses, 
Sheffield. 

Martin & Co., John, Offices, 4, Jordan St., Liverpool. Manu- 
facturers of Curled Hair. Samples on application, post free. 

Peters & Co., G. D., Moorgate Works, Moorfields, London, 
E.C. 

DRAUGHT EXCLUDER. 

Lay cock, Ltd., W, S., Victoria Street Works, Millhouses, 
Sheffield. Manufacturer of Patent Dust and Draught Excluder. 

Peters & Co., G. D., Moorgate Works, Mooilields, London, 
E.C. Manufacturers of Telling's Patent. 

ELECTRIC SIGNALS and INTERLOCKING* 

McKenzie & Holland, Ltd., Railway Signal Engineers, 
Worcester. 

Railway Signal Co., Ltd., Caxton House, Westminster, 
S.W. 

Saunders & Co., J. B., 91, Vork Street, Westminster, 
S.W. Electrical Signals and Interlocking of all Descriptions. 

Siemens Brothers & Co., Ltd., Queen Anne's Chambers, 
Westminster, London, S.W. 

Sykes Interlocking: Signal Co., Ltd., W. R., Station 

Road, Clapham, London, S.W. 

WestinghOUSe Brake Co., Ltd., 82, York Road, London, 

N. 

ELECTRIC TRAM CAR WHEELS. 

Board ite Co., Ltd., 48, Victoria Buildings, Manchester. 

EMERY WHEELS, 

Luke & Spencer, Ltd., Broadheath, near Manchester. 

FERRULES. 

Bordesley Ferrule Co., late J. H. Coy, Jr., Lower 

Trinity Street, Birmingham. Boiler Ferrules; Swedish Steel 
Ferrules a speciality; are thoroughly hard and warranted to 
stand any test. Also Solid-drawn Ferrules. 

FILES, 

Howell & Co. Ltd., Sheffield Tube Works, Wincobank, 
near Sheffield. 

Turton Bros. & Matthews, Ltd., Steel, File and 

Spiing Works, Sheffield. 
Turton, Platts & Co., George, Savile Street, Sheffield. 

FLEXIBLE METALLIC TUBING. 

United Flexible Metallic Tubing Co., Ltd., 112, 

Queen Victoria Street, London, E.C. 

FORGINGSi Railway Carriage and Wagon. 

Beardmore & Co.. Ltd., Wm., Parkhead Forge Rolling 
Mills and Steel Works, Glasgow. 

Brown Bayley's Steel Works, Ltd., Sheffield. 

Hurst, Nelson & Co., Ltd., The Glasgow Rolling Stock 
and Plant Works, Motherwell. Branch Works: Chatsworth 
Wagon Works, near Chesterfield, and Bridgend Wagon Works, 
Bridgend, Glamorganshire. London Office : 14, Leadenhall 
Street, E.C ; Manchester Office : Northern Assurance Buildings, 
Albert Square. 

Leeds Forge Co., Ltd., Leeds. 




GALVANIZED LAVATORY TANKS. 

Wall's, Limited, Crown Galvanizing Works, Lower Fazeley 
Street, Birmingham. 

GAUGE GLASS PROTECTORS. 

The Hulburd Engineering Co., Ltd., 150, Leaden- 
hall Street, E.C. 

GAUGE GLASSES and LUBRICATORS. 

Butterworth Brothers, Ltd., Newton Heath Glass 
Works, Manchester. 

Tomey & Sons, Tay Glass Works, Penh. 

GAUGES-BOURDON'S PRESSURE. 

Dewrance& Co., 165, Great Dover Street, London. 

GLAZING. 

Braby & Co., Ltd., F,, 352-364, Fusion Road, London. 
** Drop-Dry " Puttyless Glazing. 

GrOVer & Co., Limited, Whart Road, London, N. 
** Simplex" Lead Glazing for Roofs and Skylights; no special 
contract required. 

Helliwell & Co., Ltd., Brighouse, Vork. 
Shire. Steel bars, galvanised or also entirely 
covered with lead to prevent rust, with copper, 
zinc, or lead caps. No putty. No painting. No 
expense in maintenance. Imperishable. 
Guaranteed watertight. Extensively used 
by Railway Companies, Municipal authorities. 
School Boards, &c., &c., for all kinds of roofs 
and vertical glazing. 

Mellowes & Co., Ltd., Shei- 

field and London. ** Eclipse " 
Patent Glazing for Roofs of Rail- 
way Stations, Goods and Engine 
Sheds, and Roofs of all descrip- 
tions. Used by all the leading 
Railway Companies and Corpor- 
ations. Our bar is made of steel, 
covered with our patent tin-lead 
metal, is perfectly imperishable 
and needs no maintenance whatever, and is universally admitted to 
be the best on the market. 

Rendle & Co., W. EdgCUmbe, 5, Victoria Street, London, 
S.W. Rendle's "Invincible" System of Glazing, as adopted by 
the Great Western Railway, South Western Railway, Great 
Northern Railway, Great Eastern Railway, Sec, Sec. 

GRAPHITE. 

Know las & Wollaston, 26, Victoria Street, Westminster, 
S.W. 

HEATING APPARATUS, RaUway Carriage. 

Gresham & Craven, Ltd , Ordsall Lane, Manchester. 
Direct Steam Storage and Return Pipe Systems of Heating for 
Railway Carriages. 

LayCOCk, Ltd., W.S., Victoria Works, Millhouses, Sheffield. 
Patent Storage Heaters for Warming Railway Carriages, 
Tramways, Steamships, Public Buifdings, Workshops, &c. 

Peters & Co., C. D., Moorgate Works, Moorfields, London, 
E.C. Manufacturers of the Consolidated System of Direct 
Steam Storage Heating for Carriages. 

HINGES* Wrot Iron. 

Crompton, Thomas» North Ashton, nr. Wigan. For Loco- 
motives, Carriages, Wagons, Buildings, &c.— The best and 
cheapest made. 

HOSE. 

Spencer, Moulton & Co., Ltd., George, 77* Cannon 

Street, London, E.C. Specialities : Gas filling Hose, Carriage 
Heating Hose, Vacuum Brake Pipes, Westinghouse Brake 
Pipes, and Pipes for Carriage Heating. 
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INDIARUBBER. 

Avon India Rubber Co., Ltd., Mdksham, Wilts. Manu- 
facturers of India-Rubber Springs, Vacuum Hose Pipes, and 
all kinds of India-Rubber articles for Railway purposes. 

HopkinSOn & Co., J. E., Para Rubber Mills, West 
Drayton, Middlesex. London Office: 121, Cromer Street, W.C. 
Manufacturers of India-Rubber BuflFers and Draw Springs, 
Vacuum and Wesiinghouse Hose Pipes, Steam Packings, 
Sheet and Insertion and General Mechanical Goods for Rail- 
way and other purposes. 

Spencer, Moulton & Co.. Ltd.. George. 77. Cannon 

Street, London, E.G. Manufacturers ot India-Rubber for all 
mechanical purposes. 

Warne & Co., Ltd., William, 29, Gresham Street, London, 
E.C. Manufacturers of India-Rubber Buffers, Draw springs. 
Suction and Delivery Hose 

INtJECTORS. 

Grasham & Craven, Ltd., Salford, Manchester. 

INSPECTION OARS, RAILWAY MOTOR. 

Drewry Car Co., Ltd., I3» South Place, London, E.C. 

LAMPS, RaUway. 

Sugg & Co., Ltd., Wm , Vincent Works, Westminster, S. W. 
Petroleum Hand Lamp (Wright's Patent). Specially designed for 
Railway Guards, Shunters, &c. 

LATHES. 

Herbert, Ltd., Alfred, Coventry, E.gland. Hexagon 
Turret Lathes, specially suited for Locomotive Building and 
Repair Works. 

LAVATORY FITTINGS 

Beresford & Son, James, Cato Street Works, Vauxhall, 
Birmingham. 

LIGHTING. 

Allen Company, 106, Victoria Street, Westminster, S.W. 

Sugg & Co , Ltd., Wm., Vincent Works, We:,lminsier, S.W. 
For Lighting Railway Stations, Goods Yards, &c., &c. 

LINOLEUM^ 

Powell, George, 115, Newgate Street, London, E.C. 

LOCKS, Railway Carriage Door. 

Kaye & Sons, Ltd., Joseph, Lock Works, Leeds. 

Peters & Co., G. D., Moorgate Works, Moorfields, London, 
E.G. 

Wilkes, Samuel, £xc«lsior Works, Bloxwich. 

Wilkes, William, MUl Lane Works, Bloxwich. 

LOCOMOTIVE ENGINES 

Burnham, Williams & Co., Baldwin Loco. Works, Phila- 
delphia, Pa., U.S.A. 

Hawthorn, Leslie & Co., Ltd., R. & W., Forth Bank 

Works, Newcastle-on-Tyne 

Hudswell, Clarke & Co., Ltd., Railway Foundry, 
Leeds. 

Hunslet Engine Co., Hunsiet, Lieds. 

Peckett & Sons, Atlas I.ocomotive Works, Bristol. 



WAKERELD'S 

PATENT 



LUBRICATORS 

FOR 

LOCOMOTIVE 

AND 

FIXED ENGINES. 

I to 10 FEEDS, 

i-pint to 2-sallon 

Capacity. 



LUBRICATORS. Sight Feed. 



Condensation 

Sight- Feed Type 

Mf Ith Auxiliary Feed 



IMeclianical Type 

witli or witliout 

SIglit Feeds 

for Siaperlieated or 

Saturated Steam. 



ABSOLUTE 
UNIFORMITY 
OF FEED. 



USED BY 
EVERY RAILWAY 

IN 
GREAT BRITAIN. 



G. C. WAKEFIELD 

AND CO.. 

27y Cannon Streeti 
LONDON, E.C. 



Hulburd Engineering Co., Ltd., 150, Leadenhall Street, 

E.C. 

Wakefield & Co., C. C, 27, Cannon Street, London, KC. 
Manufacturers of Patent Sight Feed Lnbricators with Auxiliary 
Feed. 

MAOHINE TOOLS 

Craven Brotliers, Ltd., Vauxhall Works, Manc^tcr, and 
Reddish, Stockport. High-class Machine Tools and Electric 
Cranes. 

Herbert, Ltd., Alfred, Coventry, England. 

United States Metallic Packing Co., Ltd., Sohu 

Works, Bradford. Manufacturers of the Bradford Portable Power 
Drill and Reamer, invaluable for use on Boilers, Engines, and 
Constructional Ironwork of all kinds. 

MALLEABLE OASTINQS. 

Ley's Malleable Castings Co., Ltd., yulcaa iron 

Works, Derby. Sole Makers of the celebrated •' Black Heiii " 
Malleable Castings. Telegraphic address " Ley's Derby." 

METALLIO PACKING. 

United Kingdom Self- Adjusting Anti- Friction 
Metallic Packing Co., Ltd., 14. Cook Street, Uver- 
pooL 

United States Metallic Packing Co., Ltd., Brad- 

ford, Yorks. 

METALUC PAOKINQS-HydranUo and Steam. 

Hulburd Engineering Co., Ltd., 150, Leadenhall Street. 
E.C. 

MOTOR RAILWAY INSPEOTION OARS. 

Drewry Car Co., Ltd., 13* South Place, London, E.C. 

OIL FEEDERS. 

Kaye & Sons, Ltd., Josh., Lock Works, Leeds. 

01 LS.— I«ubrioating. 

Wakefield & Co., C. C, 27, Cannon Street, London, 
E.C., Manufacturers of Hiijh Grade Lubricants in use upon 57 
British Railways. 

PAINTS and COLOURS. 

Asbestos Fireproof Paint Co., Ltd., Pyramid Paint 
Works, Bordcsley Green, Birmingham. 

Docker Bros., Ltd., Works, Birmingham. London 
Office : I & 2, New Sueet, E.C 

Harland & Son, Wm., Merton, London, S.W. 

KnOWleS & WollastOn, 26, Victoria Street, WestminsUr, 
S.W. 

Mander Brothers, Wolverhampton. Manufacturers of the 
highest-class Colours and Paints for Railway Work. 

Torbay Paint Company (Stevens &Co.), 26 and 

38, BilUter Street, London. 

Wailes, Dove & Co. (1906), Ltd., NcwcasUe-on-Tyne, 
&c. Patent "Bitumastic" Solution. 

PHOSPHOR BRONZE. 

Phosphor Bronze Company, Limited, 87, Sumner 
Street, South wark, London. 

PILE SHOES. 

Summerson & Sons, Ltd., Thomas, Dailington. 

PNEUMATIC TOOLS. 

United States Metallic Packing Co., Ltd., Brad- 
ford, York*. 
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POINT RODS. 

Russell & Co., Ltd., John, Alma Tube Works, Walsall, 

Suf&. 
Russell & Sons, Ltd., James, Crown Tube Works, 

Wcdncsbury. 

PRINTING, &o. 

Nosllla Stationery Co., 27, Garlick HilU London, E,C. 
Engineers' Catalogues and Pamphlets a speciality. 

RAILWAY CARRIAGES & WAGONS. 

Metropolitan Amalgamated Railway Carriage 

and Wagon Co., Ltd., Saltley, Birmingham. Incor- 
porating The Ashbury Railway Carriage and Iron Co., Ltd., The 
I^ncaster Railway Carriage and Wajgon Co., Ltd., Brown, 
Marshallsand Co.,Ltd , Metropolitan Railway Carriage and Wajgon 
Co., Ltd., and The Oldbury Railway Carriage and Wagon Co., 
Ltd. London Office : 36, Victoria SUee:, Westminster, S. W. 

Midland Railway Carriage & Wagon Co., Ltd., 

Midland Works, Birmingham, and Abbey Works, Shrewsbury. 
Pickering & Co., Ltd., R. Y., Wishaw, near Glasgow. 

RAILWAY MOTOR INSPECTION CARS. 

Drewry Car Co., Ltd,, 13, South PUce. London, E.C. 

RAILWAY PLANT. 

Gresham & Craven, Ltd., Ordsall Lane, Sallord, Man- 
chester. 

Hurst. Nelson & Co., Ltd., The Glasgow Rolling Stock 
«nd Plant Works, Motherwell. Branch Works: Chatswonh 
Waeon Works, near Chesterfield, and Bridgend Wagon Works, 
BridgenH, Glamorganshire. London Office : 14, Leadenhall 
Street, E.C. ; Manchester Office : Northern Assurance Buildings, 
Albert Square. 

Westlnghouse Brake Co., Ltd., 82, York Road, 
London, N. 

RAILWAY WAGONS. 

Cravens, Ltd., Damall, Nr. Sheffield. 

Hurst. Nelson & Co., Ltd., The Glasgow Rolling Stock 
and Plant Works, Motherwell. Branch Works : Chatsworth 
Wagon Works, near Chcster6eld, and Bridgend Wagon Works, 
Bridgend, Glamorganshire. London Office : 14, Leadenhall 
Street, E.C. ; Manchester Office : Northern Assurance Buildings, 
Albert Square. 

Metropolitan Amalgamated Railway Carriage 

and Wagon Co., Ltd., Saltley, Birmmgham. Incor- 
porating The Ashbury Railway Carriage and Iron Co., Ltd., 
The Lancaster Railway Carriage and Wagon Co., Ltd., Brown, 
Marshalls and Co., Ltd., Metropolitan Railway Carriage and 
Wagon Co., Ltd., and The Oldbury Railway Carriage and Wagon 
Co., Ltd, London Office : 36, VictoriaStreet, Westminster, S. W. 

Renshaw & Co., Ltd., W. R., Phoenix Works, Stoke- 
on-Trent. 

Roberts & Co., Ld., Charles, Railway Wagon and Wheel 
Works., llorbury Junction, near Wakefield. Bianch Wurks : 
Afdsley (G.N.R.), Sculcoaies (H. & B.R), Dairycc.aies (N.E.R.) 
and Gascuigne Wood Junction (N.E.R). 

RIVETS. 

Beardmore & Co., Ltd., Wm., Parkhead Forge, RoIHng 
Mills and Steel Works, Glasgow. 

SANITARY APPLIANCES. 

Beresford & Son, James, Cato street Works, Vaux- 
nail, Birmingham. 

SASH BALANCES for Carriage Windows. 

Bddington & Son, J., 45-49, Northwood Street, Birming- 
ham. 

SEAT SPRINGS, Railway. 

LayCOCk, Ltd., W.S., Victoria Works, Millhouses, Sheffield 
(Patent). 

Peters & Co., G. D., Moorgate Works, Moorfields London, 
£.C. (Patent.) 



SHEAR BLADES. 

Turton Bros. & Matthews, Ltd., Steel, File and 

Spring Works, Sheffield. 

SIGNALS, Railway. 

McKenzie & Holland, Ltd., Railway Signal Engineers, 
Worcester. Patentees and Manufacturers of all kinds of inter 
locking and safety appliances. Licensees for the Westing 
house Electro- Pneumatic System of Signalling and Interlocking. 
Sole manufacturers of the ** Improve! Taylor" All Electric 
System of Interlocking. Electric Telegraph Block and Inter 
locking Apparatus. 

Railway Signal Co., Ltd., Cixton House, Westminster 
b.W., Manufacturers of Railway Signal Cabins, Interlocking 
Lever Frames, Level Crossing Gates, and Signal Work of every 
description. Sole Licensees and Makers of the ** Crewe System " 
of Electrical Power Plant for working Points and Signals, as 
extensively fixed Hy the L. & N. W. Railway Co. Also Sole 
Licensees and Makers of Webb & Thompson's Patent Electric 
Train Staff Instrument. 

Saxby and Farmer, Ltd. Head Offices: 53, Victoria 
Street, Westminster, London, S.W. Works: Chippenham, 
Wilu. Signal Work of all kinds, electrical and mechanical. — 
Telegraphic cypher: "Signalmen, London." — Telephone num- 
ber: "Westminster 285." 

Stevens and Sons, Dadington Works, Southwark Bridge 
Road, London, S.E., and Signal Works, New City Road, 
Glasgow. Original Inveuiors of the Wrought-Iron Lattice 
Semaphore Signals and the 1 appet System of Interlocking Appar- 
atus. Manumcturcrs of all kinds of Railway Signal Work, 
Wrought Iron Lattice S andards Utr Electric Lights, Patent Route 
Lock Detectors, Inclined Rockers lor Facing Point Locking Bars, 
Sight Plates for Lattice Signals, Adjustable Cranks and Traversing 
Rollers for Point Rods, &c Telegraphic Addresses : ** Tappets, 
London," and " Semaphores, Glasgow," Telephone Nos. :— 
London, "No. 435 Hop"; Glasgow, "No. 480." 

Sykes Interlocking Signal Co., Ltd., Ws R. 

London Office and Works : Station Road, Clapham, S.W. Tele- 
grams —" Blockish " ; Telephone 325 Battersea. Glasgow 
Office: 45, Hope Street. Works: New City Road. Telegrams— 
"Blockish"; Telephone 722 Con. Sykes' Lock and Block 
system. Electrically-worked Signals and Safety Appliances, 
Electric Telegraphs and Fittings. 

Tyer & Co., Limited, London and Carlisle. Offices: 
Ashwin Street, Dalston, London, N.E. Mechanical and Elec- 
trical Signal Appliances of all descriptions. Telegraphic Address : 
" Switchmen," London. 

Westlnghouse Brake Co., Ltd., 82, York Road, 

London, N. Patentees and Manufacturers of the Electro- 
Pneumatic System of Signalling and Interlocking; Automatic 
Signalling ; Elecuic Signals. 

SPADES and SHOVELS. 

Leedham & Heaton, Ltd., Armley Road Iron Works, 
Leeds. 

SPRINGS. 

Andrew & Co., Ltd., J. H., Toledo Steel Works, 
Sheffield. 

Brown Bayley's Steel Works, Ltd., Sheffield. 

Peters & Co., G« D., Moorgate Works, Moorfields, London, 
E.C. 

Turton Bros. & Matthews, Ltd., Steel, Fi!e and 

Spring Works, Sheffield. 
Turton, PlattS & Co., George, Savile Street, Shcti-eld. 

STATIONERY. 

Nosllla Stationery Co., 27, Garlick Hill, London E.C. 

STEAM PACKING. 

Loco Packing Co., Boreham Wood Works, Elstree, Lear 
London. 

United Kingdom Self-Adjusting Anti-friction 
Metallic Packing Syndicate, Ltd., i4> Cook Sueet, 

Liverpool. 

United States Metallic Packing Co., Ltd., Brad- 

ford, Yorks. 
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STEEL. 

Andrew & Co., Ltd., J. H., Toledo Steel Works, Sheffield. 
Howell & Co., Ltd., Sheffield Tube Works, Wincob«nk, 
near Sheffield. 

Turton Bros. & Matthews, Ltd., Steel. File und 

Spring Works, Sheffield. 
Turton, PlattS & Co., Ceorge, Savile Street, Sheffield. 

STEEL FORQINGS. 

Beardniore & Co., Ltd., William, Parkhead, Glasgow. 
Brown Bayley's Steel Works, Limited, Sheffield. 
VIckers, Sons, & Maxim, Limited, Sheffield. 

SWITCHES and CROSSINQS. 

Summerson & Sons, Ltd., Thomas, Darlington. 

From Rails of any section. 
White & Sons, R., Engineers, Widne?, Lancashire. 

TOOL STEEL. I 

Turton Bros. & Matthews, Ltd., Steel, File and 

Spring Works, Sheffield. 

TRAMWAY OARS and TRUCKS. 

Cravens Ltd., Darnall, Nr. Shtffield. 

Hurst, Nelson & Co., Ltd., The Glasgow Rolling Slock 
and Plant Works, Motherwell. Branch Works : Chatsworlh 
Wagon Woiks, near Chesteifield, and Bridgend Wagon Work?, 
Briogend, CUimorganshirc. London Office : I4» Leadcnhall 
Street, E.G. ; Manchester Office : Northern Assurtnce BuildmgJ, 
Albert Square. 

Metropolitan Amalgamated Railway Carriage 

and wagon Co.. Ltd. ,Saltley.BirninghBm. Inc<.iporatirp 
The AshUry Railway Carriage and Iron Co., Ltd., The Lan- 
caster Railway Carriage atd Wagon Co., Ltd., Brown, Marsballs 
and Co., Ltd., Metropolitan Fail way Carriage and Wagon Co., 
Ltd., andlheOldbury RaiUay Carriage and Wsgon Co., Ltd. 
London Office: 36, Victoria Street, Westminster, S.W. 

TRANSFERS. 

Seaton & Co., J., 43» Mitchell Street, Glasgow. Coats of 
Arras, Lettering, Figures, Ornaments, for Railway Carnages. 
Locomotives, Tramway Cars, &c. 

TUBESf Iron and SteeL 

Foster Brothers, Ltd., Lea Brook Tube Works, Wedncs- 
bury. 

Howell & Co., Limited, Sheffield. 

Russell & Co., Limited, John, Alma Tube Works, 

Walsall. 
Russell & Sons, Limited, James, Crown Tube Works, 

Wednesbury. 

Stewarts & Lloyds, Limited, Birmingham. 
TYRES. 

Beardmore & Co., Ltd., Wm., Parkhead Forge, RolUng 
Mills and Steel Works, Glasgow. 

Brown Bay ley's Steel Works, Ltd., Sheffield. 
UNDERFRAMES and BOQIES. 

Cravens, Ltd., Darnall, Nr. Sheffield. 

Hurst, Nelson & Co., Ltd., The Glasgow Rolliig Stock 
and Plant Woiks, Moiherwell. Branch Works : Cbauy^orth 
Wacon Works, near Chtsieifield, and Bridgtnd Wagon vVorkF, 
Brideend, Glamorganshire. Lcndon Office : 14, l^denhall 
Street, e!c. ; Manchester Office : Northern Assurance Buildings, 
Albert Square. 

Leeds Forge Company, Ltd., Leeds. 
Metropolitan Amalgamated Railway Carriage 

and Wagon Co., Ltd., Saltley, Birmmgham Incor. 
porating ThI Ashbury Railway Carnage and Iron Co Ltd.. The 
&ster Railway Carriage and Wagon Co., Ltd., Brown, 
JS^shaUsandCo.,Ltd..Metro^litan Railway CarriajgeandW^^ 
Co Ltd., and The Oldbury Railway Carriage and Wa^n Co., 
Ltd Loidon Office: 36, Victoria Street, Westminster, S.W. 



FIVE 
DIAGRAMS 

By J. D. TWINBERROW, 

M.I.MKm.B. 



Versed Sines of 
Chords of Curves. 

The dUUnce between the 
chord and the arc of curvature, 
or the throw-over of headi>tocka 
and the draw-In of the centres of 
long Vehicloa, are read off for 
lenithn up to 80 ft. and on 
curves up to 8,600 ft. radius. 
Conversely the radius of curve 
is ascertained for any observed 
chord and versed sine. 

Proportions of 
Laminated Springs. 

Tlje number, width and thick- . 
noss of plates to carry any given 
ItMd on any length of spring to- 
gether with the resulting deflec- 
tion are read off to suit either 
Locomotive, Carriage or Wagon 
practice. 

Proportions of 
Helical Springs. 

The 8l«e of round or of square 
spring steel required to carry any 
given load with any radius of 
coil, together w.th the resultiitg 
deflection are read off. 

Proportions of Axles 

with Outside 

Journals. 

The correct diameter at any 
point in the length of the Axle 
to suit any given load is readily 
ascertained. The length and 
diameter of journal and the 
width of bearing to suit the load 
are also given. The resultn may 
be read either for express 
passenger or for ordinary goods 
train working. 

Proportions of Axles 
with Inside Journals 

The correct diameter at any 
point in the length of the Axle 
to suit any given load Is readily 
ascertained. The value of the 
moment of resistance is given 
for any diameter. The results 
may be road either for express 
passenger or for ordinary goods 
train working. 



UNDERFRAMES and BOQIES-*^^"'""'^ 

Renshaw & Co.. Ltd , W. R . Pbccnix Works. Stoke- 
on-Trent. 

VARNISHES and JAPAN. 

Denton & Jutsum, Bow Common, London, E. -- City 
Offices, 9, New Broad Street, E.G. Manufacturers of High-cUss 
VamUhes, Japans, Paints, and Colors for Railway use 

Docker Brothers, Ltd., i & 2. New Street, BUhopsgate 
Street, London, E.C.— Works: Birmingham. Manufacturers of 
High-class Varnishes, Japans, Paints and Colors. 

Mander Brothers, WoWerhampton. Manufacturer of the 
highest-class Varnishes, Colours, and Paints for Rattway Work. 

Naylor Brothers (London), Ltd,, 407, Oxford St. 

W.. Smoke Stack Black a speciality. 

VENTILATORS. 

Lav cock, Ltd., W. S., Victoria Works, Millhouscs, Sheffield. 
Turton, PlattS & Co., George, Savile Street, Sheffield. 

WAQONS, steel and Wood. 

Cravens, Ltd., Damall, Nr. Sheffield. 

Hurst, Nelson & Co., Ltd., The Glasgow RolUog Sloj^ 
and Plant Works, Motherwell. Branch Works : Chaisworth 
Wagon Works, near Chesterfield, and Bndgend Wagon Woiks. 
BrXcnd, GUmorganshire. London Office: 14, i^c?*»" 
Street, E.C. ; Manchester Office : Northern Assurance Buildings, 
Albert Square. 

Metropolitan AmalKamated Railway Carriage 
and Wagon Co., ttd., Saltley, B^T^^-^B^*^-. d ??; 

poraung The Ashbury Railway Carriage and Iron Co.,Ud., The 
Lancaster Railway Carriage and Wagon Co., Ltd., Browo, 
Marshalls and Co., Ltd., MeUopoUun Railway Carrwge and 
Wagon Co., Ltd., and The Oldbury Railway Carnage and Wa^wi 
Com Ltd. London Office 36. Victoria Street, Westminster, S.W. 

Pickering & Co.. Ltd., R. Y,, WUiaw, near Glasgow. 

Roberts & Co.. Ld,. Charles, Railway Wa^n and Wh<^l 
Works. Horbury Junction, near Wakehtld. Branch Works 
Ardsley (G.N. K ), Sculcoaies (H. & B.R.), Dairycoates (N.E.R.) 
and Gascoigne Wood Junction (N.E.R.) 



London: 

THE RAILWAY ENGINEER, 

3, Ludgate Circus Bldgs., 

E.C. 

Pric€ 2b. 6d. Mft e^tch, po»t /rw, 

or iO». net pott /rte the ttt 

o/fivt. 



A FEW PRESS 
OPINIONS. 



*•. . . A venr useful addition 
to drawing orocc equipment of 
til© railway locomuUve deport- 
ments, rolling- stock builders, 
&c." — Engtn-' ring. 

'« . . . Should be of irreat con* 
venienoe to all Interested in the 
design of railway vehicles."— 
The Mechanical Et>gtiieer, 

<• . . . Easily road, and shoiild 
prove of service as a time saver." 
—Tt»6 Practical Engineer, 



WATERPROOFING. 



McUwralth & Co., Ltd., James, 7, Victoria Sireet, 
WMtminsta, S.W. Works : Broomloan Road. Govan, Glasgow. 

WEIGHING MACHINES. 

Pooley & Son, Ltd., Henry, Temple Sweet, Binniiigh|un, 
and at London. Uverpool, Glasgow, Dublin, &c., &c. The 
Leading and Largest Manufacturers of Weighbridges in the World. 

WHEELS iwd AXLES. 

Cravens, Limited, DarnaU. Sheftdd. 
UiirAt Nelson &. Co., Ltd., The Glasgow RoUing Stock 
"a"d pW Wori^. mX^cU. branch Works : Chauwarth 
Wagon Works, n4r Chesterfield, and Bridgend Wagon Works, 
Bridgend, GUmorganshire. I^ndon Office : 14. *^nh«U 
s'reft, E.C. i Manchester Office : Northern Assurance Burldlngs. 
Albert Square. 

Metropolitan Amalgamated Railway Carriage 

and Waaon Co., l-td , Saltley. Binmngbam. Incor. 
^™ang T^e AAbu^ R«lway Carriage and Iron Co.. Ud . The 
?^n««L Railwav Carriaee and Wagon Co., Ltd., Brown, 

^Su'an'd&td.': MeVf'-^R^-y Car'^vv'^^'S" 
Co., Ltd., and The Olabury Railway Carriage and WaCTn Co., 
Ltd. Loudon Office : 36, Victoria Sueet, Westminster, S.W. 

Pickering & Co., Ltd., R. Y., WUhaw, neat Glasgow. 
Renshaw & Co.. Ltd.. W- R- Phoenix Works. Stoke- 

on-Trent. 
Roberts & Co., Ld., Charles. Railway Wagon and Wheel 

Wof^Hort^ry Junction, near Wakefield. branch Works: 

ArdsW (G N.R:). Sculcoates (H. & B.R.), Dairycoates (N.E.R.) 

and Gascoigne Wood JancUon (N.E.R-) 

ZINC ROOFING an* GLAZINa ^ ^ ^ ^ 

Braby & Co.. Ltd., F.. 3P 364, Euston Ro«l, Lo«don. 
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THE McKENZIE, HOLLAND, &WESTINGHOUSE POWER SIGNAL Co., Ltd. 

POWER SIGNALLING 

Electro-pneumatic, all-electric, & automatic signalling. 

Address: 58, Victoria Street, London, S.W. 

Telegrams : " Powersig, London." Telephone : 890 Westminster. 



PATENTS FOR INVENTIONS. 

BRITISH, FOREIGN and COLONIAL PATENTS OBTAINED 

AT MODERATE CHARGES. 

SEND FOR LIST. 

RAILWAY APPLIANCES A SPE CIALITY. 

WHEATLEY & MACKENZIE, 40, Chancery Lane, 

London, W.C., 

CONSULTING PATENT AGENTS TO THE "RAILWAY ENGINEER." 



THE TRUE 



Now Ready, Third Edition, RoTised and Enlarged. 

POSITION OF PATENTEES. Price One Shilling. 



N OVil READY 



POWER RAILWAY SIGNALLING 



Late of the Lancashire and Yorkshire and Midland Railways 

(Author of "Mechanical Railway Signalling"), 

POWER RAILWAY SIGNALLING is a companion to MECHANICAL RAILWAY SIGNALLING. 

It contains 339 pages of text and 623 Illustrations. 



I. 

II. 

III. 

IV. 
V. 

VI. 

VII. 

VIII 

IX. 

X. 

XI. 
XII. 



Instruments. 

Lock and Block— General considerations. 

Lock and Block— British Systems. 

Lock and Block— Foreign Systems. 

Contact makers, Slots, uetectors, Selectors and Insulated 

Joints. 
Interlocking opening Bridges. 
Working Single Lines— General considerations. 
Working Single Lines— By Tablets. 
Working Single Lines— By Electrical Train Staff. 
Working Single Lines— By Automatic Signals and other 

methods. 
Automatic Signalling— Its purpose. 
Automatic Signals. 



XIU. 

XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX. 

XXL 

XXil. 

XXIII. 



AuLomatlc Signals; Installations on Steam worked 

Railways. 
Auu) jiatic Signals; Installations on Electrically worked 

Railways 
Signals for Electric Tramways. 
Accessories for Automatic Signalling. 
Loco-Cao Signals and Automatic Train Control 
Power Lit iriocklng; its purpose. 
Eieetro Pneumatic (High Pressure) Power Plants. 
Low Pressure Pneumatic Power Plants. 
•* All- Electric" Power Plants. 
Electro-Mecnanlcal Power Plants. 
Hydraulic Power Plants. 

Appendix. 



Royal 4to. on Art Paper. Cloth Bevelled Boards. Price 18/-; Post Free, United Kingdom, 18/8 ; Abroad, 19/6. 



Copies may aow be ordered from the Publishers.-^ 

THE PROPRIETORS OF "THE RAILWAY ENGINEER,* 
3, Ludgate Circus Buildings, LONDON, E.G. 
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Telesrams— 

PETERS, LONDON. 



Telephones— 

3205 and 3206 London Wall. 



G. D. PETERS & CO,, 

Moorgate Works, Moorfields, London, E.C. 

And Gotha Works, Slough. 

MANUFACTURERS AND SPECIALISTS IN ROLLING STOCK SUPPLIES. 



PATENT COMBINATION ADJUSTABLE BLINDS AND COVERS, 
for Railway Carriages, Tram Cars, Omnibuses, Steam- 
ships, etc 

PETERS* PATENT CLIP SPRING SEAT, 

TELLING'S PATENT DRAUGHT EXCLUDERS. 

Manufacturers of WARRANTED HAND-MADE IMPERMEABLE 
MILLBOARD, largely used for inside and outside panels 
of Railway Carriages, Tram Cars, etc. 

BUFFALO HIDES, Dyed and Enamelled, '*BIackdown Brand.*' 

SUNBUROID, the new material for Car Covering. 

MCLAREN'S PATENT COMBINATION REMOVABLE SEAT. 



MCLAREN'S PATENT WALK-OVER SEAT. 

MCLAREN'S PATENT AUTOMATIC SELF- FLUSHING CLOSETS. 

Sole Depot for LI NCRUSTA - WALTON, the Original Make, 
mounted on our Patent Impermeable Millboard Panels of 
any shape to suit interior decoration, showing a great 
saving in cost for furnishing, etc. The most artistic and 
durable decoration for Railway Carriages, Steamships, 
Waiting Rooms, etc. 

CARRIAGE LACES and LININGS, etc., of every description. 
PANTASOTE, the new material for Car Blinds. 



CARRIAGE FURNITURE AND FITTINGS in all Metals of Special Designs. 

Soie UoenmeoB for mil— 
CAR CURTAIN FIXTURES owned by The Cuptain Supply Co. of Chicago. 

Walk-Over Seats, Rattan Seats, etc., etc., 
OF THE HALE AND KILBURN MANUFACTURING CO., OF PHILADELPHIA. 
THE O. M. EDWARDS' PATENT CAR WINDOW LIFT, applicable to aU windows. 
THE O. M. EDWARDS' PATENT EXTENSION PLATFORM TRAP DOOR, fixture. 

The above are Standards for Oars In tho UmSmAm 



BALTIMORE CENTRE AND SIDE BEARINGS, for all kinds of Rolling Stock. 
CONSOLIDATED SYSTEM OF DIRECT STEAM STORAGE HEATING for Carriages. 
•HAVOCK," ••TRUSS," and other Ventilators. 
STAMPINGS and FORGINGS of all kinds. 
IRON, GUN METAL, and STEEL CASTINGS (made under special process). 
MALLEABLE CASTINGS of ^ytty descHption. 



SOLE OOMOESSIOMMAIRES for 

THE LEITNER- LUCAS SYSTEM OF ELECTRIC TRAIN LIGHTING. 



REQUIRES LESS ATTENTION THAN QAS OR OIL OR ANY OTHER SYSTEM OF LIQHTINQ. 



Absolutely Automatic in Action. 
We are prepared to equip up to Ten Carriages with our system on any Railway for Triai» and run siime under 

sealed tests for three months. 
Power Hou^e Batteries to any size a Speclalite. 
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BALDWIN LOCOMOTIVE WORKS. 



Broad 

and Narrow 

Uaugc. 



Locomotives ~ 



SlDfla 
Bzpaoatoo 



Hine» Furnace & Indastrial Locomotives. Electric 
Locomotives with Westinghouse Motors & Electric Trucks 

BURNHAM, WILLIAMS & Co., 

PHILADELPHIA, Pa, U.&A. 
Cod* Addrttt — "Baldwlii,*' Phlladelpbta. 

General Agents, Messrs. SANDERS & CO., 110, Cannon Street, London, E.C., ENGLAND. 

LEEDS 
FORGE 

COMPANY, 
LIMITED, 

LEEDS. 



London Offlee-CAXTON HOUSE. 
Westminater. S.W. 



ExtenslTely used and Specified for 

Brfdres, VagOQ Bibles. Car Halle Praaies, Axle 

Sfrtn^ Tanks. Iron Buildings, Roofs and 

Cblauicys, BoUer«, Casholdcrs, nnd all Classes 

of Taloable Iron and Steel Plant. 

NOT AFFECTED by Chemical Fumes, 
Bot Smolce, Salt or Fresh Water. 

CANNOT CRACK OR PEEL OFF . . . 
. « . NON-CONDUCTING. DAMP PROOF, 
. . RUST PROOF. . . 

The only Protective NOT AFFECTED 
by ALTERNATE HEAT and COLD. 

Apmil€d MMOU mm Ordlmmry Pmlmt, 

Smres Comtljr R§aewmiM mad k§pmin, 
11 U largely used In Ibe United Stales, wbere 
BO olber Paint wlU Stand. 

Used SBCcessfally by the lartest Engli 
and Railway Co/s In the World. 

SuppUHl in 4»cwt, cmmMm, or 
UcwU drtimMt carriage pmJd. 



?v 



;s^^. 



-5 
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Awarded GOLD MEDAL at Franco-BritislilExhibitioii. 



WAILES, DOVE & CO. 

(1906) UMITBD. 

Ottlc9M and Storea : 

5, St. Nicholas Buildings, Newcastle- 

on-Tyne. 

10, Lime Street, London, E.C. 

26, African House ; 6, Water Street, 

LiverpooL 
23, Royal Exchange Square, Glasgow. 
12, Mount Stuart Square, Cardiff. 
The ATenne, Bishop Lane, HuU. 
Exchange Buildings, Birmingham. 
Peacock's Buildings, 23, Park Row, 

Leeds. 

11, Blackfriars Street, Manchester. 



Telegraphic Addresses for all 
Offices:-" BITUMASTIC. " 
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THE METROPOLITAN AMALGAMATED 

RAILWAY CARRIAGE & WAGON CO., LTOi 



CAPITAL, £1,675,000. 

INCORPORATING- 

The Ashbury Railway Carrlace A Iron Co. Ltd. 
The Lancaeter Railway Carriage 6 Wacon Co, Ltd, 
Brown. MarshalU & Co., Ltd. ; Ltd, 

The Metropolitan Railway Carriage 6 Wagon Co., 
The Oldfaury Railway Carriage 6 Wagon Co. Ltd. 
The Patent Shaft and Axletree Co.. Ltd. 
and Docker Bros.. Ltd. 



Railway Carriages, Wagons, Tramcars, /rorj 
and Steel Underframes, Cars for Electric 

and Light Railways, Railway WheelsandAxle^ 

of all types, Bridges, Roofs, Turn -tables, 

Tanks, Switches and Crossings 



AND 



HEAD OFFICES :- 

8ALTLEY. BIRMINGHAM. 

TelepboaeM:—4722 £t 4723 Blrmlagbmm. 
TeUgrmma :—' * Metro, Blrmlmghatu? ', 



PRESSED STEEL BOGIE TRUCKS 

LONDON OFFICE;— 
36, VICTORIA ST., WESTMINSTER, S.W 

Telephoae:—7S2 WeBtmlaMter, 
TehgrmntB ;— " Rmltcmr, Lom4oa, ' ' 



"BRUNSWICK" 

THE PATENT SHAFT 

Tbl» WhBBi #• HiaMo from a SolM 
SlBol Ingot, thofougbly homogonBoumf 
by a pmooomm of forging anti rolling to 
any tllmanmlonm rogulroMm 

THE ADVANTAGES OF THE SYSTEM ARE : 

I. — The Wheel centre is made out of a Solid 
Ingot or Cut Disc. 

2. — ^The material is thoroughly homogeneous, 
and can be made to any reasonable degree of 
hardness and ductility. 

OFFICES AND WORKS:— 
WEDNE8BURY. 

Te/epAoa«i— J WBdaeMbanr, 
Tehgrmmt -.—"Sbrnft, WtdBtabuiy. ' ' 




WELDLESS STEEL DISC WHEEL. 

SolB Malrers In Engiantt g 

6j\XLETREE COMPANY Ltd., Wednesbury 

3. — Every part of the Wheel is subject to uniforn 
forging, so that the highest efficiency is obtaine< 
from the material, which renders it much superior t( 
a Cast Steel Wheel Centre. 

4. — The " dishing " of the centre adds material]; 
to its power of resistance, both vertically an^ 
laterally. 

5. — The metal is thoroughly consolidated, anj 
quite free from honeycombing found in cast stee 
wheels, and its strength is considerably greater. 

LONDON OFFICE:— 

36, VICTORIA ST., WESTMINSTER, S.V/ 

Teltpboue : — 7S2 WgutwIauUr. 
* T9l9gtmmai-'**Rmll€Mr, Laatom.*' 




EDEGH-CLASS YARNISHES. 

SSS^ PAINTS AND FINE COLOURS 

FOR ALL CLIMATES. 

DOCKERS' <<H£RMATOR" OXIDE PAINTS 

Are specially prepared for all kinds of Iron and Steel Structures, and every description of Eng-ineering: Work. 
Head Offices :—S A LTLEYy BIRMINGHAM. LONDON OFFICE AND DEPOT :- 

Works:— ICKNIELD PORT ROAD, BIRMINGHAM. I & 2, NEW ST., BISHOPSGATE ST., E.C 



T9lepbonei^3S22 BIrmlngbam, 
TalegrMiaa :—** jM/ma, Blrmlagbam,^ 



Tel0phoae:—277S. London WmIL 
TelegramM . — * * Matuna^ Loadom* ' 



Printed for the Proprietors by Thb Nosilla Stationery Co., 27, GarlicV Hill, E.C., and Published by the Proprietors at 3, Ludgate CiocorCuild ogs, Loodon« E.C. 
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